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EDITOR’S NOTE 

It is very much regretted that owing to circumstances beyond 
our control, it has not been possible to include in the present 
volume chapters on Pesticides, Adhesives and Enzymes. These 
omissions will be rectified in the next volume. 

It should also be stated that as the literature is becoming so 
voluminous, it has been decided as a matter of policy, in order to 
keep the size of the volume within reasonable limits and to gfve 
a better assessment of progress in subjects where development is 
slow, that certain chapters will be included only in alternate years. 
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MINERALOGICAL CHEMISTRY 

By W. H. BENNETT, M.Sc., F.R.I.C. 

(Overseas Geological Surveys) 


Supply of ores and minerals 

A review of the world mining industry for 1960 (1) emphasises the 
rapid increase in mineral production in the countries of the Com- 
munist bloc, especially China. This has not affected world markets 
as much as was expected, owing to the heavy internal industrial 
demand, which might possibly exceed the increased production 
and necessitate the working of lower grade ores. The metal user is 
often able to use alternative materials in the face of shortage or 
rising prices, so that there is little possibility of absolute mineral 
shortages developing. 

Aluminium (1, 2) 

The production and consumption of aluminium is increasing, 
after a setback in 1957-58, but potential supply still exceeds 
demand and a significant proportion of production facilities are 
still idle. Large deposits of bauxite, some of low grade, are reported 
to be under investigation in Jamaica and British Guiana, and the 
deposit on Cape York Peninsula, Queensland, is now stated to 
consist of 2000 million tons of possible commercial grade material. 

A report (3) on the Arkansas bauxite region, the most important 
occurrence in the U.S.A., gives an account of detailed investigations 
begun in 1911 as part of a study of the bauxite resources of the 
U.S.A. Reserves in 1950 were estimated at 70-7 million long tons 
averaging A1 2 0 3 50% and Si0 2 9%, and numerous analyses are 
published. The principal ore mineral is gibbsite (A1 2 0 S ,3H 2 0) and 
the main impurities kaolinite, siderite and iron and titanium 
oxides. A study was made of the distribution of the minor elements 
in the bauxite and source rocks (two varieties of nepheline syenite). 
The average niobium content of the bauxite was 0-05%. 

A process has been described (4) for recovering cell-grade 
alumina from aluminiferous shale which is decomposed with hot 
H 2 S0 4 and then leached with hot K 2 S0 4 solution. Cooling pre- 
cipitates potash alum, which is purified, ignited and leached with 
water, to give a residue of pure A1 2 0 3 , The K 2 S0 4 and most of the 
H 2 S0 4 is recoverable. 


3 
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Uranium (5-8) 

Uranium ore production in 1959 was the highest so far: the 
Free World produced over 43,000 tons of U 3 O a , the U.S.A. leading 
with 16,390 tons, closely followed by Canada with 15,910 tons. The 
future demand is uncertain and reserves continue to increase. 
The introduction of nuclear power is slower than was once expected 
and the demand for uranium is unlikely to build up again until 
some time in the 1970s. The U.S. Atomic Energy Commission has 
decided not to exercise its option to purchase Canadian U 3 0 8 when 
the present contracts expire in 1962-63 but has agreed to extend 
deliveries until 1966. Canadian mining companies are to undertake 
a joint research programme to discover new uses for uranium. 


Diamonds and gemstones 

Sales of industrial diamonds continue to increase. Development 
continues in the Yakutsk diamond field in the U.S.S.R. and the 
old diamond held of the Urals has been extended by improved 
prospecting methods. The total output of synthetic diamonds by 
the American General Electric Co. (G.E.C.) in 1959 was stated to 
he 24-31 million carats against a world output of about 20 million 
carats of natural industrial diamonds. The synthetic material is 
only suitable for use in resin-bonded grinding wheels. I lie Congo 
is bv far the largest producer of industrial diamonds and, in view 
of recent developments in that country, the statement that I)e 
Beers have succeeded in producing synthetic diamonds is of 
interest. 

A review of diamond mining practice in South Africa has 
appeared (9). The success of the mechanical concentration methods 
employed is surprising, as it represents a concentration ratio of 
about 20 million to one. Alluvial diamonds were found in Sierra 
Leone in 1930, and a dyke of clavlike material carrying diamonds 
found in 1948. From this and other similar dykes, borehole cores of 
unweathered kimberlite have been obtained comparable in chem- 
istry’ and mineralogy with South African kimberlite (10). 

The results have been published of X-ray cryst allograph ie and 
spectrographic examination of synthetic diamonds from the 
American G.E.C. and the Swedish A.S.E. A. [11). The former always 
contain single-crystal inclusions of nickel «<r of a nickel-rich face- 
centred cubic compound. The Swedish diamonds do not contain 
nickel and are generally less well crystallised. A communication 
from the American G.E.C. (12) outlines the systems studied in 
connexion with diamond synthesis. These included («) direct 
transition, graphite to diamond, (6) systems involving carbon and 
oxygen, (c) those containing salt-like carbides, (d) miscellaneous 
chemical reactions, and (c) carbon dissolved in molten metals. The 
last were the most fruitful and the catalyst metal could be Cr, Mn, 
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Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt or Ta. Pressures used ranged 
from 55,000 to 100,000 atm. at 1200^-2400°. 

Pearls are usually classed as gemstones and an account has been 
given (i3) of the production of cultured pearls in Japan, which has 
increased steadily in value since 1951. In 1958 exports totalled 
nearly U.S.$17 million, over $10 million going to the U.S. A nucleus 
consisting of a round mother-of-pearl bead, made from fresh-water 
mussel shell, is inserted into a 3-year pearl oyster. Three to four 
years’ growth under favourable conditions is then required for the 
formation of a medium to large pearl. 

Miscellaneous 

A survey of the beryllium industry has been published {14} 
dealing mainly with the production and resources of beryl in the 
U.S. A. Heterogeneous pegmatites are almost the only source of 
beryl. Although reasonable supplies of ore arc available and 
demand for the metal has grown steadily, more rapid developments 
will depend on the solution of metallurgical problems and a 
reduction in price. 

Interest has been sustained in sources of niobium, including 
extensive deposits containing pvrochlore, often of relatively low 
grade. The only commercial producer of pyrochlore in 1959 was 
still the Sove plant in Norway, but pilot plant tests have continued 
at Panda Hill, Tanganyika, and it has been reported that ex- 
ploitation is planned of possibly the biggest pyrochlore deposit in 
the world at Araxa, Brazil. An important book by G. L, Miller 
deals with the occurrence, extraction, metallurgy and applications 
of tantalum and niobium {15). 

The increased demand for titanium dioxide for pigments is 
encouraging for ilmenite producers, but slowness in the develop- 
ment of a demand for titanium is reflected in the price of rutile, 
which fell from over £100 a ton three years ago to £28 in March 
1960, and a number of Australian producers have ceased work. 

The bulk of the world’s known reserves of tungsten ores is in 
Communist areas, notably in China, where reserves are estimated 
to contain 1 million tons of tungsten. By contrast the U.S. A. has 
70,000 short tons and other countries even less. An important 
deposit of scheelitc averaging W0 3 2-18% has been found in 
Canada in the McKenzie Mountains and a development programme 
has been announced. Although recently in over-supply, potential 
uses of molybdenum and tungsten may result in a critical supply 
situation in 10-15 years. An extensive deposit of molybdenite, 
estimated to contain 5 million tons of Mo, was reported in North- 
East Sardinia and, if developed, this should be an important factor 
in world supplies (16). 

The Rio Tinto-Dow thoria plant at Elliot Lake, Ontario, which 
uses a solvent extraction process to recover thorium from the 
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liquors remaining after uranium extraction, was brought into pro- 
duction in 1959 with a capacity of 150 tons of ThO., per annum and 
mav affect other producers. The South African monazite mine, the 
largest producer of monazite in recent years, closed down earlv in 
1959, and the Indian rare-earths factory was shut during most 
of 1959. 

An account has been published of the mining of cehstine, the 
principal commercial source of strontium salts, at a deposit pro- 
ducing 90° o of the world's output near Chipping Sudbury, Glouces- 
tershire (17). A book by D. \V. Kaufmann (18) gives a compre- 
hensive account of the production of common salt, including 
sections on the mineralogy, geology, l\$. deposits, solar production 
from sea water, technology and industrial uses. A third edition has 
appeared of a comprehensive reference bonk nil the mineral 
industry giving much general information un the production, 
industrial uses and resources (more especially in the ITS.) of n<»n- 
metallic industrial minerals and rocks (///). 

1 he proceedings have been published of a symposium reviewing 
the mineralised areas of Great Britain and Ireland and the economic 
]>rnblems bearing on their exploration and ilevelopment (20). It 
was suggested that the decline of the flourishing metal industry of 
loo years ago was not entirely due to exhaustion, and that some 
revival could take place by utilising modern methods of exploration 
and a revision of the mining tax structure. 

Analysis 

Field methods f< <v the detection <>f lerxl 

The M-an h for commercial deposit-* of beryl, which are difficult 
to recognise in the field, has been assisted bv the development of 
rapid chemical field tests. Uressel Ritchey (21) fuse the powdered 
sample with an alkaline flux in a wire loop, dissolve in water and 
detect Be (sensitivity about O'Of",,) by the fluorescence with 
quinizarin. MrVay has recommended a qualitative field test for Be 
in which duplicate samples are fluxed, one with KING, the other 
with K1IS0 4 . Aqueous extracts are made alkaline, niorin added 
and the fluorescence in the short-wave ultra-violet region compared 
with that of an authentic sample containing beryl (22). Wells et at. 
put forward a method for u>e in geochemical prospecting studies 
in which the sample b fused with ammonium fluoride and extracted 
with dilute HNO v Interfering ions are coinplexed and Be estimated 
by the berillon colour in alkaline solution (23). 

Brownell (2-f) describes a portable Be detector ( Bcrvlomcter ) 
based on the (y,n) reaction with a ,44 Sb source. This employs a 
scintillation counter to record the neutrons produced. Bowie et at. 
(23) use the same reaction but with BF ;J counters to detect and 
measure the neutron flux. Both methods permit rapid determina- 
tions in situ and greatly expedite prospecting for Be minerals. 
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Silicate analysis 

As analysis of kyanitc for the U.S. Government stockpile by 
different laboratories had shown varying results, a large, carefully 
taken sample was split and sent to seven laboratories in the U.S. A., 
U.K. and Kenya, and the results obtained are summarised (26). 
The main errors were in the Si0 3 and A1 3 0 3 determinations, due to 
incomplete recovery of Si0 2 after two acid evaporations, and 
incomplete ignition of AT0 3 , which should be given 1 h. at 1200' . 
There is still a great need for an accurate direct method for the 
determination of A1 2 0 3 . 

Jeffery & Wilson (27) describe a method for determining Si0 2 
in rocks and minerals by removing most of the Si0 2 by one 
evaporation with IIC1 and determining the remainder by a photo- 
metric molybdenum blue method. Targe amounts of Ti, Fe or P 
interfere, although Ti and Fe are easily removed. The same 
authors (2H) have described a modified method for determining 
water, C0 2 and carbon in silicate rocks with a closed-circuit 
system, in which air is re-cycled, whereby considerably reduced 
blank values are obtained. 


Spt’ctngraphic methods 

(rt) Emission .- '-An account lias been published (29) of the 
methods recently used bv the U.S. Bureau of Mines for the spectro- 
chemieal analysis of rocks, minerals and ores. A stabilised d.c. arc 
source is used with cupped graphite electrodes, matrix effects being 
reduced by dilution with a common base material Owing to the 
complexit}' of the samples examined a total-energy method is used. 

Ahrens and collaborators (SO, Si) have investigated the combined 
use of ion-exchange enrichment and spcctruchemical analysis in 
the determination of trace elements in silicate rocks, including Au 
and the Pt metals. Large samples can be worked up after HF 
attack in a Teflon beaker. Brooks (32) has used a similar method 
for the estimation of trace elements in sea water and has achieved 
enrichment factors of up to 2xl0\ The abundance of Bi, Au and 
Cd in sea water has been determined in this way. 

(b) X-ray fluorescence . — Molloy A Kerr describe instrumental 
improvements and the use of helium for the instrument path which 
have extended the range of this technique to the lighter elements 
(atomic No. 22-12), but consider that matrix and inter-element 
effects limit the method to semi-quantitative work (33). Hower (34) 
has applied matrix corrections in the trace element analysis of 
rocks and minerals, either by the calculation of mass absorption 
coefficients for major constituents if the proportions of these are 
known, or by the use of internal standards. 

Solution techniques have been found to have some advantages, 
as matrix effects can be eliminated by dilution, although with a 
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loss of sensitivity, or internal standards can be added (&>). Cullen 
(36) found that A-ray fluorescence methods could not be used 
directly for the determination of copper in mattes and slags, 
because of the absorption and enhancement effects of the matrix, 
but rapid and accurate results were obtained by fusing the sample 
with KHS0 4 and grinding and briquetting the fusion to give a 
uniform surface for exposure. A rapid routine A'- ray fluorescence 
method has been described (37) for the determination of Al, Si and 
L'c in clay or bauxite, using synthetic standards of oxide mixtures. 
Webber (*3$) employs A-ray fluorescence methods for the rapid 
analysis of soil samples* in geochemical prospecting. For most 
purposes direct examination of the sample in a plastic holder is 
suflioient, but increased sensitivity is obtained by acid extraction 
and evaporation on filter paper. 

Geochemistry 

‘Methods in Geoehemistrv . edited by Smnles A Wager (39), 
deals with the chemical, spcctrographic, mass speetrographie, 
radiochemical and other methods used to provide accurate 
analytical data for geochemical studies. The Geochemical Society 
is publishing GVecAcw/s/rv. an English translation of the Russian 
journal (uvkhimiva, which rovers a similar field to Gcuchim. 
ctism^ckiw. Acta. The literature of this subject, which may often 
appear academic, but has many practical applications, has grown 
considerably in recent years. 

Studies of the trace elements of the two standard rocks G-I and 
W-I are still yielding useful results, and additional data have been 
reporter! for Cd (40), Au {•//), Ag and Ti (42), La and Sr (43), 
Sc and V (44, 45), Sr (46, 47) and Tn (4S). 
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ACIDS, ALKALIS AND SALTS 

By EILEEN DAVIS 

(Laportc Industries Ltd., Luton) 

Sulphur and its compounds 

Sulphur 

World consumption of sulphur rose to a new record level of 16*1 
million tons in 1959, an increase of about 5% over the figure for 
J 958. A further increase of about 5% is expected in 1960 (1), 
Although U.S. production declined slightly in 1959 — to 6*11 million 
tons- exports continued to increase, totalling more than 1*6 
million tons in 1959, and almost equalling the record of 1956 (2). 
World output of sulphur still exceeds consumption, however, and 
there is some overcapacity (3). In the U.K., consumption in 1958 
fell somewhat to 1-078 million tons (•/), but has since risen again. 
The accelerating downward trend of prices continues to cause 
alarm, especially amongst the smaller producers 15V 

In contrast to the poor position in most parts of the world, where 
output declined owing to lack of demand, the production ot sulphur 
from native ores is believed to be rising in mainland China, the 
overall output in 1958 having been estimated at as much as 
150, non tons (tf); much of this was exported to the U.S.S.R. but 
some went to other countries, including Australia (?). 

The difficulties experienced by the Italian and Sicilian sulphur 
industries in recent years have continued and there have been 
several plans to modernise the industry ($) in an attempt to combat 
the effects of competition from Laeq recovered sulphur, which is 
being produced in ever-increasing amounts (9). Ihc position in 
most other parts of the world shows little change, although there is 
a tendency for the U.S. A. to lose markets in favour of Mexican and 
Uacq sulphur. An interesting development in Mexico was the 
opening of the world’s first offshore mine (10), operated by the 
Freeport Sulphur Co.: an undersea pipeline is used to transport a 
maximum of I50u tons of sulphur daily from the mine to the shore 
7 miles away (i/). 

A bright future has been forecast for the Canadian sulphur 
industry (12), especially for sulphur recovered from sour gas (13), 
A* new process here is the production of sulphur from high-quality 
roaster gas from iron ore smelters. The S0 2 content of the gases is 
reduced with natural gas, now available locally at Copper Cliff, 
II 
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Ontario, or with propane or fuel oil, at moderately high tempera- 
tures over a special catalyst, the composition of which has not yet 
been revealed {14). The companies concerned have developed the 
process because of the difficulty in marketing locally the liquid 
sulphur dioxide and sulphuric acid which would otherwise be 
produced. 

A new liquid process for removing hydrogen sulphide from all 
types of gases, leaving less than (H p.p.m. <>f this gas in the out- 
going stream, with the production of pure sulphur, is known as the 
Stretford process. It is claimed to be effective for all concentrations 
of hydrogen sulphide, from the pure gas to traces only. The gas is 
brought into contact with a solution of the sodium salts of certain 
anthraquinonedisulphonic acids, with which H 2 S reacts to give the 
corresponding hydroquinone and free sulphur. The hydroqninune 
is then re-oxidised to the quinone form, the whole process being 
cyclic (2o). Interest has also been renewed in an old patented 
process (16) in which an organic dyestuff such as methylene blue is 
used as the oxygen carrier. The process has been developed by 
workers of the South Eastern Gas Hoard and is now being used mu 
the semi-plant scale, after successful operation of a pilot plant. 
x\niline is used as solvent for the dyestuff and contact between the 
gas and solution is achieved in a packed column absorber. After 
treatment, the sulphur obtained is !M>% pure (IT), 

Important deposits of sulphur were discovered recently in 
Poland (26) and are now being exploited, while there have been 
negotiations between the Iraqi Government and the Texas Gulf 
Sulphur Co. about possible exploitation of extensive sulphur beds 
in Iraq (19). Texas Gulf Sulphur have made progress in sulphur 
transport; they are now shipping molten sulphur in ocean-going 
vessels (20). A further development of interest is the formation of 
an International Sulphur Institute by manufacturers (21 ) ; the ainw 
of this institute are to co-ordinate research on the handling, uses 
and marketing of sulphur (22). 

Sulphuric acid 

This acid has long been recognised as the barometer of the 
chemical industry and consumption suffered a< a result of the recent 
recession; it has recovered and has now reached a new peak in the 
U.K. Thus, during the first six months of l%0, production of 
sulphuric acid and oleum {as 100% add) was almost KU million 
tons, 11% more than in the lirst half of lholi. The. fertiliser industry 
is still the largest consumer, taking about 31% of the total, but the 
percentage of total output which is used in this industry is falling. 
The second major consumer of sulphuric acid is the titanum 
diuxide industry, which now uses about 17% id all sulphuric acid 
consumed in this country (23 ) ; this industry maintains a steady 
rate of growth, accounting for two of the five new acid plants known 
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to have come into operation during the past two years (21), with 
at least one other nearing completion. One of these plants produces 
sulphur dioxide for sulphuric acid manufacture from by-product 
ferrous sulphate. The dried sulphate is decomposed with coal in a 
fluidised bed roaster and the sulphur dioxide is then converted to 
trioxide for acid production in one of the existing convertors. The 
residue is relatively pure iron oxides, which can be used in the steel 
industry (26). 

Caustic soda industry 

World production of both caustic soda and chlorine set new 
records in 11)59, at 10*2 and 7-2 million tons respectively. The 
constant demand for more chlorine, especially for the manufacture 
of other chemicals, has led to great changes in the industry. While 
50% of world caustic soda output was made by the caustification 
of soda ash in 1950, only 33% came from this process in 1959. In 
the U.S.A., the trend in favour of the electrolytic process was even 
more pronounced than in the world as a whole, only 10% of the 
caustic soda output coming from the lime-soda process in 1959. 
These, figures and an area breakdown of world capacity were 
reported at a congress held in Barcelona (20). 

The platinised titanium electrodes recently developed by 
Imperial Chemical Industries Ltd. should prove of use in the 
electrolysis of brine. They show great resistance to erosion, so that 
their use precludes the necessity of adjustment to maintain the 
minimum electrode gap required for efficient operation. They have 
several other advantages over the conventional graphite elec- 
trodes (27). During the past year, silicon and germanium rectifiers 
have found increasing application in the field of high-power supplies 
for the electrochemical industry, notably in brine electrolysis. They 
give higher efficiency and reliability than earlier methods (25). 

Two new processes have been developed recently for the con- 
centration of caustic soda. In one, which has been in operation 
since 1958, 73% caustic solution at 260 c f passes upwards through 
20-ft. tubes in a heat exchanger while molten salt at 750-800 :> f 
passes downward through the shell. Anhydrous 99*8% caustic soda 
continuously discharges at 710°F to a flaker or drum packer (29). 
In the other, it is believed that a great saving in investment is 
accomplished by substituting long-tube vertical evaporators for 
Dowtherm heating, which has been used since 1916 (30). 

Sodium salts 

Sodium chloride 

•Large new deposits of rock salt have been found in the Cheshire 
Basin. The salt lies in two beds, separated bv rather more than 
1000 ft. of marl, and reserves are estimated at about 400,000 



14 


REPORTS ON THE PROGRESS OF APPLIED CHEMISTRY 


million tons (31). A process for upgrading rock salt depends on an 
entirely new principle, based on the different heat absorption 
properties of the sodium chloride and the impurities in the rock 
salt. The ground material passes on a conveyer belt, coated with a 
heat-sensitive plastic material, under a source of infra-red radiation. 
The salt falls into a collector at the end of the horizontal traverse 
while the coating retains the impurities, which reach a higher 
temperature than the pure salt blit are released as the belt cools 
on its return traverse 

Schreiber (-T3) describes the new Stockbargrr fullv automatic 
apparatus for the production of salt monocrvstals with melting 
points up to about 1 350' . The equipment consists of a sinter 
carborundum crucible, which is heated to the required temperature, 
regulated to within 0*u2 . The rock salt crystals formed are said 
to show no noticeable dispersion in ultra-violet rays. In a new 
process for the prevention of caking in sodium rlihuid. . tin- 
deposition characteristics of the reprecipitated material are modi- 
fied by adding a substance which gives multivalent complex anion . 
in aqueous solution, thus preventing the formation of >tmng K-nd* 
between the original crystals (31 

Sodium carhtmati and bicarbonate 

In the T.S.A. s'ida ash output reached .V«;| million lb. in I'.lVj, 
having recovered ln>m the rne->ion. and i* . \j.e« in] to It even 
higher in T.n'iU. There is a growing trend awav !r.<m tin* u-r o! 
synthetic processes toward* niiniug natural »|- -p* i 33 i. 

Halogens and their compounds 

Chlorine 

With the increasing demand for < hlorine. tier. h.«.* b»,n ivncu.-.l 
interest in chemical methods for it* muiiuta< tutv. -•tle-r than t In 
electrolysis of brine, which leads to i-xcom*. <• piodm-tcn <.f eau-te 
soda if all chlorine r* quirenu nts are mat hv tin* pron-s v fn 
Kastern Germany, Ib-nnig (30) ha> >tudird former inanuf a< -luring 
processes, and ha» developed a modified Deacon contact j>r « k 
which can transform oxygen and ex. e*> ga-eon- hvdrog. n . hb *ri«i< 
quantitatively at a fairly low temperature. Work i- * < >utinuuig «.n 
the manufacturing technique but the product already obiaiued 1 * 
stated to be satisfactory in all it- pr«ip»Ttii-*. KI» . trolvti* pru-is,,- 
other than those involving brine elortrolv-i* and tho-r m whiclt 
chlorine is formed as a by-prodm t. as in the pr..du< tern .,f .dkah and 
alkaline earth metals from their fused < hloride-, in. hide re. «. V eiy 
of chlorine from by-product hydrogen chloride bv the de \..ra 
electrolytic process, which givesWMr,, chlorine ami pure Iivdiogen 
as the only products (now in operation in the I S.) (37). and one 
invented by Schroeder involving the eh-, trr.Ksi* of mekelous 
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chloride produced by the action of by-product HO on nickel It is 
estimated that the costs of this process compare favourably with 
those of the de Nora process (# 5 ). Such processes are important, 
since large quantities of by-product hydrogen chloride are formed 
in organic chlorination reactions and, unless used in some wav, 
present a serious disposal problem. A valuable booklet dealing with 
the history, methods of manufacture and uses of chlorine was 
published by Cl BA Ltd, during 1ft fiO (HU). 

Hydrochloric acid 

In the L.S.A., newer processes for making hydrochloric acid are 
fast replacing the salt and sulphuric acid method. Several plants 
based on the older process have shut down and others are expected 
to do so. During the first eight months of 195ft, production of the 
acid by this process declined, whilst that made from chlorine and 
hydrogen increased I5° 0 and from bv-product sources more than 

55 % ( toy 

In Israel, there is interest in the production of hydrochloric acid 
from the magnesium chloride of the Dead Sea brines by a thermal 
method. In this, the salt is hydrolysed, using a spray technique, in 
a directly heated furnace. The process is also applicable to the 
recovery of hydrochloric acid from spent pickle liquors and other 
chloride effluents and is being used for this purpose in the U.K. (41). 
In Germany, Badische Anilin- u. Soda-Fabrik A.-G. have developed 
an adiabatic absorption process for making hydrochloric acid 
economically from gases of any kind containing hydrogen chloride. 
Within a short time fib plants using this process have been estab- 
lished all over Western Europe (42). 

The problem of transporting anhydrous hydrochloric acid has 
received attention in the U.S.A., where tank cars with a capacity 
of Nft,50fi |h. of anhydrous acid cooled by two carbon dioxide tanks, 
each with a capacity of Tot) lb., have been tested as a possible means 
of resolving the problem. The provision of safe, economic tankers 
has, hitherto, been impracticable (43). 

Osvacids of chlorine and their salt* 

Despite the introduction of alternative materials, sodium hypo- 
chlorite solution is still used considerably as a general-purpose 
household disinfectant, at least in France (44). Magnesium oxy- 
chloride has been suggested as a non-sparking floor covering when 
combined with a filler material; such a covering, it is claimed, 
would also prevent further oil seepage through an oil-affeeted floor 
and would make an oil-soaked floor burn less readily in case of 
fin: (T’3). 

Sodium chlorite and chlorine dioxide continue to be used widely 
in pulp bleaching and similar applications. Laportc Chemicals Ltd. 
have begun operations at the first l\K. chlorite plant (46). Sodium 
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chlorate now has its fastest growing market in pulp and paper 
bleaching but future growth may depend on its use as an oxidant 
in missile fuels (47). Ammonium perchlorate is also of increasing 
importance in solid propellant motors for rockets and missiles (48). 


Fluorine 

A triple-tank system, designed for transport of fluorine in 5000- 
lb. lots, comprises a tank for the liquid fluorine surrounded by a 
tank containing liquid nitrogen refrigerant and, outermost, one 
containing a granulated insulating material- silica gel — under 
vacuum (49). It has been suggested that fluorine, which is already 
used in rocket fuels, might be the rocket propellant of the future 
when used in conjunction with hydrogen (»5 0). 

Hvdrofiuoric acid and ftuorinating agents 

Hydrogen fluoride is yet another compound which is being 
produced in greater quantity. A group of engineers working for the 
U.K. Atomic Energy Authority has devised a rotary pump for 
operation in hydrogen fluoride. Tins has a long hollow shaft with 
bearings self-lubricated by an enclosed oil circuit, while a con- 
tinuous flow of nitrogen from a low-pressure supply prevent - 
hydrogen fluoride vapour from diffusing into the working parts and 
also ensures that oil vapour does not contaminate the liquid being 
pumped (57). 

Sulphur tetrafluoride is now available commercially in limited 
quantities and is said to have unusual fluorinating properties for 
the simplified preparation of known fluorides and for interaction 
with a variety of organic carboxylic acids and carbonyl com- 
pounds (52). The use of stannous fluoride in toothpastes as an agent 
for preventing tooth decay has been approved in the t'.S.A. (55). 

Bromine 

There has been some expansion of bromine capacity, mu ably in 
the l .S.A. and Israel, to satisfy the increased demand, which is dm* 
mainly to the need for ethylene dibromide, now u*ed in large 
amounts in the manufacture of tetraethvl load and in agriculture, 
especially on tobacco crops (54). 

Peroxygen compounds 

Hydrogen peroxide 

Several countries have increased their capacity and, at Warring- 
ton in Lancashire, Laporte Chemicals Ltd. are now operating what 
is believed to be the largest plant in the world, and certainly the 
first in this country, to employ the autoxidatioii of anthra- 
quinones (55). The new plant has enabled the company to double 
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its output of high-strength hydrogen peroxide, which was used as 
the oxidant in the motor of the Black Knight ballistic missile (56’). 
Degussa claim to have improved their autoxidation process by the 
use of a methyl-substituted aromatic ketone, such as ^(t-butyl)- 
acetophenone, as solvent for the 2-cthylanthraquinone used (57). 

Sails of peroxy acids 

Potassium monopersulphate is now being used in household 
washing agents (58). Du Pont have patented a new industrial 
product — the triple salt of potassium sulphate, hydrogen sulphate 
and hydrogen monopcrsulphutc, KHS0 4 ,K 2 S0 4 ,2KHS0 5 , which 
can be used for bleaching various materials (58b) and is suitable for 
addition to household detergents. 

Nitrogen compounds 

During the last few years, production of nitrogen has exceeded 
consumption. In mid- 1958, stocks in Europe were estimated at less 
than 300,000 tons - about 0% of production- -and consisted mainly 
of ammonium nitrate and urea. In the U.S.A. and Canada stocks 
were more or less normal at that time. In order to keep stocks at 
reasonable levels and to prevent too great a drop in prices, pro- 
ducers in the U.S.A. worked at about 75% of their capacity and 
on the European Continent at about 80%. The biggest importer is 
mainland China. In Japan stocks arc mounting and production is 
likely to suffer unless new markets are found, owing to the cancel- 
lation of part of the contract with China ( 59 ). According to the 
latest Aikinan report (60), world production and consumption of 
nitrogen continued to increase but the excess of production over 
consumption is estimated to have decreased slightly during the 
last two years. 

Chilean production during the year ended June 1959 was only 
slightly lower than in the previous year but non-mechanised pro- 
ducers had difficulty and were forced to cut production bv about 
10%. Most of these older producers are in serious trouble, because 
of the higher living costs, and some mines have been forced to cease 
production (5.9); however, credit has been granted by the U.S.A. 
to help modernisation plans, which should ease the position (61). 

Ammonia and awwonium salts 

There lias been marked expansion in ammonia capacity in the 
U.S.A. , particularly in the Western States, where there is already 
a glut of ammonia (62). Recently, Imperial Chemical Industries 
Ltd. began production at a 60,000 tons-a-year plant at Billinghara, 
Co. Durham, for the production of ammonia from oil and at a 
100,000 tons-a-year plant at their Severnside Works, with asso- 
ciated plants for urea and fertilisers (63). Details have been given 
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of a new U.S. ammonia synthesis process in which about 270 tons 
of ammonia are produced daily from refinery tail gas and air (64). 

Ammonium sulphate remains well in the lead as a source of 
nitrogen in fertilisers (60). A new process for its manufacture has 
been developed in Spain in which the sulphur dioxide content 
of smelter gases is absorbed in an organic bast' solvent and the 
sulphite oxidised to sulphate by injected air, the organic sulphate 
being then decomposed with ammonia and the product recovered 
by centrifuging and drying. 

The main outlet for increased supplies of ammonium nitrate is for 
fertilisers but it has also been used as an industrial explosive (67). 
Fisons Ltd. have opened the first t\K. plant to use the du Pont 
process for oxidation of ammonia to nitric acid, followed by re- 
action of the acid with more ammonia to produce ammonium 
nitrate (6\$). 

Xitric acid 

Imperial Chemical Industries Ltd. have new nitric acid plant?*, 
one using the new I.O. P. (intermediate pressure ammonia oxidation) 
process, and two concentration plunt> using tin* magnesium nitrate 
route (60). In the I.O.P. proofs, ammonia is converted to oxides 
of nitrogen at atmospheric* pressure and the gaws. when passed to 
the absorption towers, are brought to 12 p.s.i.; the heat of reaction 
is used in the generation of steam for the process (70). In the 
concentration process, a 72"., aqueous solution of magnesium 
nitrate is used instead of sulphuric acid, the nitric acid being 
concentrated from a strength of *>0 to one of W*5" (J acid (71), 
for use in the company’s nitroglycerine plant. 

Other nitrogen compounds 

Anhydrous hydrazine, for u^* in rocket fuels, is now being pro- 
duced for the I .S. Air Force by the Olin Mathieson Chemical 
Corp. (72). This product and unsyrmnetrical dimethylhydi azine are 
used in the fuel of the Titan II intercontinental ballistic missile, 
with nitrogen tetroxide as the oxidiser (/d). In the F.S.A. there is 
also a project for fissio-rhemiral production of anhydn ms hydrazine 
from ammonia directly, avoiding chlorination and other chemical 
reactions (74). A fully automate plant lias bn-n installed at the 
fnoya Power Station in Hungary for the production of hvdruzine 
for the treatment of boiler feed water (To). 

Both nitrogen trifluoride and tetrafluornhvdrazine, which show 
promise as oxidants in high-energy propellants for rocket motors, 
are being manufactured on the pilot plant scale by tin* Stauffer 
Chemical Co. (76). In tin* manufacture of tetrufluornhydruziiie, 
nitrogen trifluoride is reacted with carbon in a fluidised bed and 
the product is separated from unreal ted trifluoride and the by- 
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products— tetrafluoromethane and nitrogen oxides — by fractional 
distillation. 

In addition to its well-known anaesthetic use, nitrous oxide has 
potential value in the U.K, as an aerosol propellant. It is already 
in use in food aerosols in the U.S.A. (77). Russian investigators 
have found that the addition of 0-5-1% of hydroxylamine sulphate 
to the electrolyte prolongs the life of lead-type accumulators (78). 

Phosphorus and its compounds 

Phosphorus 

Increased capacity and expansion of production for elemental 
phosphorus are reported (7/v). In the U.K., L. Light & Co, Ltd., 
after extensive research, have succeeded in producing both red and 
white phosphorus with a minimum purity of 99-999% (SO). 

Phosphoric acid and pho&phatic fertilisers 

An important feature in the held of phosphoric acid manufacture 
is the trend back to the use of the wet process; of seven new’ plants 
in the U.S.A. at least five employ the wet process (81). The 
Monsanto Chemical Co. plans to produce a phosphorus pentoxide- 
enriched 105% phosphoric acid called ‘Phospholeum’ (<&?), which 
is intended for use as a desiccant and as a sequestrant for common 
trace metals, such as calcium, aluminium and magnesium. A new 
Japanese process for fertiliser-grade acid is believed to be a tower 
process in which raw phosphate is treated countercurrently with 
sulphuric acid, with unusually high-quality calcium sulphate as the 
by-product (83). 

British exports of sodium phosphate, at 13,940 tons, were about 
25%, higher in 1959 than in the previous year (84). During the past 
eight years U.K. usage and exports of phosphatic fertilisers have 
shown a steady decline, while deliveries of nitrogenous and potassic 
fertilisers have tended to increase (S3). 

Silicon and its compounds 

Three new plants have been erected and another is in hand for 
the production in the U.K. of ultra-pure silicon for use in semi- 
conductors (<V6'). A new material consisting of silicon nitride 
stiffened with a fine dispersion of silicon carbide has been developed 
by the Metallurgical Division of the Admiralty Materials Labora- 
tory for use in stator blades in gas turbines at temperatures as high 
as 1200° (#7), It is said to have excellent thermal shock and 
oxidation resistance and adequate creep strength at such tem- 
peratures. Silicon nitride is also potentially valuable for use in 
electrical insulators which are subject to violent temperature 
changes, e.g., on rocket launching platforms, and may also be of 
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use as a support for high-temperature catalysts, and for other 
purposes. 

Boron and its compounds 

There is an increasing demand for boric acid, especially in the 
U.K. and European Common Market countries, and there are plans 
for expansion both in the U.K. and in France (US). In Italy, a new 
process has been developed to the pilot-plant scale (1000 kg./day) 
for the manufacture of boric acid from minerals of the colomanite 
type. The mineral is decomposed with a solution of ammonium 
bicarbonate containing free ammonia, followed by decantation or 
filtration, and the calcium carbonate and other insoluble matter 
present is removed. The ammonium borate solution is decomposed 
by boiling, with recovery of ammonia. The product is of high 
puritv Boric acid ran be used in the preservation of wood, 
and a product giving the desired ratio of boric acid to borax in a 
single compound has been developed specially for this purpose (HO). 

The Dow Chemical Co. and the t’.S. Borax Research Corp. arc 
to engage in a joint venture for perfecting an economic process for 
manufacture of boron trichloride (HI), which is a higl'ilv reactive 
intermediate from which many new boron compounds can be mad**. 

Potash 

There has been some expansion of potash facilities, Eastern 
Germany being the world's largest producer. A new foundation has 
been established for International Potash Research bv six major 
L\S. potash producers to develop programmes for the efficient and 
beneficial use of potash in various countries and, in particular, to 
work closely with agricultural authorities (H2). 

The International Minerals fit Chemical Corp. (03) are now 
producing high-quality potassium chloride, in both coarse and 
standard grades, for use as a fertiliser. A flotation process was 
chosen for this because natumllv occurring crystals are less subject 
to degradation than are granulated or agglomerated products 
during shipping and storage. 


Calcium salts 

Calcium cyanamide 

Sfiddeutsrhc Kalkstickstnfi-WVrke A.-G. have made considerable 
progress in calcium cynnainide manufacture. Based on the exo- 
thermic nitrogenation of calcium carbide in a horizontal rotary 
furnace, the process employs a finely powdered carbide feed of less 
than 0 -2 mm. particle size; since this is a surface reaction, efficiency 
is inversely proportional to particle size and the process is claimed 
to be very favourable economically. In addition, some calcium 
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cyanamide is recycled to stop sintering and prevent the reverse 
reaction occurring. In another plant the rotating furnace used is 
combined with a preliminary fluidised-bed reaction step (94). 

Other calcium sails 

Among new calcium sulphate plants is one to recover from wet- 
process phosphoric acid manufacture by-product gypsum to be 
used for wallboard manufacture (95). A new, and rather unexpected, 
use for calcium chloride is in the manufacture of paperboard. It 
has been found that the addition of this salt to the pulp suspension, 
before its distribution on the wire of the board-making machine, 
assists in the removal of water (96). Large deposits of fluorspar are 
to be exploited in the Eastern Pyrenees; they arc said to be among 
the largest in the world (97). 

A new Dutch process for the granulation of calcium nitrate, 
formed as a by-product in the manufacture of nitro-phosphate 
fertiliser, has been described (05). The process is based on the, 
crystallisation of droplets of calcium nitrate in mineral oil to which 
seed crystals have been added. Alter crystallisation, the solid prills 
are separated from the oil by centrifuging. 

Miscellaneous 

Zinc oxide 

A new process for the direct production of zinc oxide from 
sulphide ores by flash roasting has been described (99). The ore is 
dried to a moisture content below 0-5% and screened, and then fed 
into a specially developed furnace where the liner particles burn 
in suspension forming zinc oxide and fine slag, both remaining in 
suspension in the rapidly moving combustion gases; the tempera- 
ture of combustion must be held within narrow limits. The product 
is said to be almost 99% pure and production costs are much lower 
than in conventional processes. 
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Sodium compounds 

Caustic soda 

Chlor-alkali industry . McConnell, NY. H., iSr Lewis, K. S., Chew, lingug Prog r., 
I960. 56, (*2). 43 

Production of caustic soda in Mexico. Koch, B. A., Per. Soc. ijitim. Mtx., 193s, 
2, 133 

Sodium carbonate and hydroxide recovery from sodium Milpluitc used in 
viscose spinning. I'nion dcs Fabriques Beiges <le Textiles Artifieiels 
FA BELT A S.A., Belg. I*. 369,857 

Production of caustic soda and blanc fixe from baryte and mirubilite. Knku- 
badze, V. M., & Ivanova, T. A., Soobshch. A had, Sauk Cite. SSI\\, 1939, 

23, 401 

Sodium hydroxide purification using sodium hydride. Dow Ch'-miuil Co., 
I \S.1\ 2,889,204 

S ulph u r-co ntai n ing compo n ltd < 

Sodium sulphate preview), l.arrea, K. M , A Uovira, J. M. K., l«n. 193*, 

18, 344 

Sodium sulphate from sea bitterns. Seshadri, K., Bhat, («. l> , A De.sai, K I. . 
Chcm. Age. India, 1939, 10, 433 

Production of Xa t S 3 0 3 . Molvneux, F., Chew. Pr>H ».<< Ht:gn g, 1 939, 40, 4 19 
Dehydration of alkali dithionites (in an atmosphere of carbon tetrachloride!. 
S.A. des Manufactures des Cilaces et Produits I'himiijues de Saint-Gobam, 
Chaunv et Cirey, Fr. P. I,o63.n93 

Sodium sulphide manufacture from low-grade Indian barytes. Adhikari, M , 
& Roy, K. I,., ,SVr. c~ Cult.. 193 s , 23, 361 
Reduction of sodium sulphate with hydrogen in a finalised bed Tsilwirovskjl. 
Ya., & Yronskii, S., Pr~eni chew.. 193 s , 37, 320; Zh. pnkl. Kkiw., 1939 

32, 473 

New' methods for thepnxhn lion of sodium sulphide. Bandrowska, Uuntner, 
E., oc Hawliczek, Pr:em. clu e , 1939. 38, 139 

S' -Jut at halide* 

Salt industry. Charruy, I’.. Hull. S < . ,< t. Sam v. 1939, 18, 13 s 
Salt manufacture from sea water. Buchanan. R. H., Clue. Pi-.-r. .... Sviimv, 
1960, 13, (4). 39 

Utilisation of sea water-bitterns Sitaraman. K., A Srinivasa n, M. S., / 
Alagappa Chettiar Coll. Techn <>! ., f'ntr. Madras, 193* 39, 8, 91 
Fractional crystallisation of natural brines by ethanol precipitation. Tlmmp 
son, A. R . <Sc Ulecharczyk, S. S., Hhndc Idand I'nir., lining li.xp. Stu., 
1939, Leaf!. No. 2. 2o pp. 

Complete utilisation of ->ea water. Bureau of Industrial Teelmii s, Jap [’. 1*01 
1 193>) 

(Improved Com.stock method for) purified sodium chloride brine-. Nlniton 
Salt Co., U.S.P. 2,9112, 1 i * 

Extraction and purification of (subsoil) salts. La>o, I ., Mex. P. 3 s , 1*3 
Reduction of caking in sodium chloride (with ferro- or fern cyanides). Muiga- 
troyd's Salt & Chemical Co Ltd , H P *29,211; N.Y. Koninkhjki 
Nederland sc he Zoutindiistrie, Noth. P. *1,36*; <,er. I’. 931,69! 

(Sodium) tluorosulpho nates. FarU-nfabrikrii Bayer A. <6, (Ur. P. I, 1 * I i!.3o.”, 

Sodium phosphate:, and phosphite > 

Salts of the mixed anhydride of phosphoric and phosphorous m. ids. Henkel A 
Cie G.m.b.H., B.P. *11,937; *16*64 and *20,933 (Addns. to *11,937); 
(U:r. P. 1,014,969; 1,018*31; 1,024,06* 
fon v.TMon of sodium tri polyphosphate of form I into form II. Union Oiiinique 
Belgt: S.A., Belg. P. 973,439 
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Alkali metal or ammonium acid phosphates (by a cyclic process ). Horizons Inc., 
U.S.P. 2,800,292 

Sodium hypophosphite. Montecalini Soc. Gen. per ITndustria Mincraria e 
Chimica, Ital. P. 578,9 02; Strezlinev, I. V., Morgan ova, E. M., & 
Kochncva, E.*U., Russ. P. 128,108 

Sodium carbonate 

Soda ash from trona. Sommers, H. A., (.hem. Engvg Progr. 1980. 56, (2), 76 
Process linking: Solvav soda and ammonia. Gaspar v Arnal, T,, Chim. et 
Jndustr ., 1958, 80, 993 

Modifications of the ammonia-soda process: sodium carbonate production. 
Diamond Alkali Co., B.P. 813,280; 826,387-8: Ger. P. 1,029,813; U.S.P. 
2,893,833; Pauling, H., Ger. P. 952,893; sodium carbonate and acetylene. 
Columbia-Southern Chemical Corp., B.P. 816,518; U.S.P. 2,845,329 
Separating potassium carbonate and soda from aqueous solutions on the basis 
of the different sedimentation properties of their bicarbonates, Hanzlik, J., 
Czech. P. 85,709 

Calcined soda manufacture from (fluidised) sodium bicarbonate. Sonneck, W., 
& Tschcch, R. f East Ger. P. 16,304 

Sodium salts (from natural soil salts). Datta, V., Sc Datta, R., Indian P. 61,581 
(Low-cost method for) purification of sodium carbonate monohydrate. 

Columbia- Southern Chemical Corp., U.S.P. 2,887,360 
Sodium se.squicarbonate. IV. Production methods- Pischinger, E., & 
Tomaszewski, J., Proem, chan., 1958, 37, 525 

Other rod i uni salts 

Free-flowing sodium nitrile pellets. Du Pont dt; Xemours & Co., E. I., B.P. 
812,511 ; U.S.P. 2,933,377 

Purification of sodium cyanide (with ferro-silicon). DEGUSSA, Ger. P. 

] ,006,839 

(Continuous process for) alkali metal cyanides. Du Pont de Xemours & Co., 
L. I., L S.P. 2,876,066 

Soluble alkali silicates from sand alkali chloride mixtures. Henkel & Cie. 
G.m.b.H., Ger. P. 957,568 

Alkali metal duozirconates. International Minerals & Chemical Corp., U.S.P. 
2,888,319 

Alkali metal ferrates. Scholder, K„ Ger. P. 1,013,272 

Halogen compounds 

Chlorine 

The possibilities of chlorine production by chemical methods (non-elect rolytic). 

Kepinski, J., Pnent. cheni., 1959, 38, 263 
(Chlorine (bv nitric acid oxidation of hydrogen chloride). Harder, 13., Ger. P. 
1,01 1,850 

Purification of chlorine (bv adsorbing the chlorinated hydrocarbon impurities 
on active carbon). Earbcnfabriken Bayer A.-G., Ger. P. 1,034,156 
Standards ol purity for liquid chloriuc. Uaubusch, E. J., J. Aiucr . Wat. Os 
;bs., 1959. 51, 742 

Chlorine liquefaction by deep cooling. Xiirmberger, K., & Kubli, H., Allg. 
Wanne Tech., 1957, 8, 87 

Purification of hydrochloric add (from fluorides). Allied Chemical Corp., 
B.P. 823,677 

Chemicals (including hydrogen chloride) from sea water. Zarchin, A., Israeli P. 
10,737 

(Flowsheet for production of) anhydrous hydrogen chloride. Scientific Design 
Co., Inc., U.S.P. 2,901,407 

Stabilising sodium hypochlorite solution (with boric acid). Strizhevskii, I. I., 
& Zaitseva, V. P., Russ. P. 126,980 
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Quality control in the production of bleaching powder. Kamaswamv, S., & 
Srirangan, P. IV. Indian J. ('Arm.. PAY.i, 22 , (2). 53 
Advances in the design and operation of chlorine dioxide generators. Calc. 
W. R.. & Scribner. H. C.. Pulp Pap. Mag. Can., 1‘i.V.t, 60, rl 17; Can. Pulp 
Pap. Imlmtr., 1‘LVj, 12, Ql). 33 

Recent developments in the matuilacturr of chlorine dioxide. Kapson, \V. IP, 
Ca :ad. J . chan. I'ngng. lP.'iS. 36, 2b2 

Industrial methods for the production of chlorine dioxide for cellulose bleaching. 
1. I Reparation of chlorates by the chemical method. His. I. Pf , Bynaeva, 
M. K.. A Bloshtein. I. I.. Zn. p>ik!. Khin:., It WO, 33 , 770 
Chlorine dioxide i.tiom sodium chlorate, sulphuric acid and methanol}. Allied 
Chemical Corp.. C.S.P. ‘'.Sbl.Ho* ; Kachalov. A. I., Bykova, J. G , A* 
Medvedeva. X Ya. Russ P 1 K>>30 

Perchloric acid and its derivatives. V. I ’roper lies of pi rohloric acid and methods 
for its preparation. ZinovYv A. A.. Zk. r.c^ig. Khun , PJ'iS, 3 , |*>i»5 
Production of perchloric acid by irradiation (of a gaseous mixture of water, 
chlorine and oxygen 1 . C.S. Dept. of the Navy (Sandberg, \Y A., Erikson, 
T. A.. A Riesz, C. H.). C.S.P. 2,tG’o,3bS 
Perchlorates, their manufacture and uses. Schumacher, J. C., . l.C.X. Monogr., 
ltWd, No. lit), 250 pp. (New York; Keinholdl 


J’luonn.t 

Recovery of by-product fluorine Turbuttoii, G., I-arr. T. I)., jones. T. M , A 
Lewis. H. T . jun., li:du<tr. /force C/va.\, p.Gs, 50, Cr.’.'i 
P'luorinc and its inorganic coni|K>unds. T»rhnol<«gv and application. August yn. 

M l.. Chmiel, J., A Grobelnv, M.. t/unuk, PAY.*, 12, 33 
Production of elementary lluorine. MathGov-ky, K. p A Gngoi, M., i’htu:. 
Listv, llC.'i, 53. 1 -Is 

Production of liuonn*- compumds. 1 Hydmtluoi je a< id. 11. Potassium hvdn> 
iluoride. 1 Vu llxn Ta Huch, / ti fait K'o Ilsueh ICueh Pan, I '.c‘>0, 5, 
ID. 122 

Com cutration and purification of hydrogen tiuoride (In a cyclic process). 
IV. him v Comoagnie de Prodmts Clumiijms r-t lQivtrometallurgi<jm s, 
P'r P. 1, 13u.l>3S 

Hydrothermal method ter tie- pmdm tion of hvdrotluoric arid. Pavlovich- 
Volkovysskil, A C» , & Zarmukii, S. Kh,, Russ. P. 123,330 
Phosphorus pentaliuorui*-. Du Pont <P Nemours A Co., L. I.. B.p. *22.33!'- 
Ger P. 1 ,1*14,777 ; I S P. 2.t'33.:;73 

Sulphur hexarluonde and owtiuondes. Du Pont de Nemours A Co , K 1 
C.S.P. 2,bo7.d3b 

Sulphur hexafluoride and sulphury! fluoride manufacture from thionvl tetia- 
fluoride. Du Pont d« Nemours A Co , If. I.. C.S.P. 2,til2.3i)7 
Sulphur oxytluoride inanufm turn by the pyrolysis of pvrosulphuryl fluoride. 

Du Pont d<- Nemours A Co . Pf. I., B.P. .* 03 , *7-1; i s p 2,*"U,|3.S 
Inorganic fluorine compounds fusing sulphur tetrathinridr as fluorinat mg 
agent). Du Pont de Nemours A Co., Pf. I., T'.S.P. vY.hM.:f,k 
P erchloryl fluoride (from tluorosulphonie ;ujd and pen hlorati st. JVnnsnli 
Chemicals Corp., Ger. P ),02d,2*3 

Fluorine Jiuoroxulphate. Cady, G H , A Durllev, P. IV, C.S.P. 2,>s7»'p r n73 
Iodine pimtafluoride. Du Pont d< Nemours A Co.. Pf. J., C.S P 2,!»IM,I03 
Platinum hexafluoride and its use as a Huorinating agent, C.S. Atomic Energy 
Commission, C.S.P. 2.' H H3,*2d 


Iodine 

Iodine manufacture from hydrogen icwljdr , onuining mixtures. N,Y. d»- 
Bataafsche Petroleum Maats., B.P 7!tii,nft»; syn.l 12; Shell Development 
Co., C.S.P. 2,*7f,n3|; 2.*tc2, t'.s-r, 7 
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Peroxygen compounds 

Hydrogen peroxide 

Progress in the production of hydrogen peroxide. Pospisil, J., Ghem. I a sty, 

' 1959, 53, 705 

The chemical route to peroxide. Cronan, C. S., Chew. Engng, 1959, 66, (7), US 

Manufacture by the anthraquinonc process. Solvay & Cie, Belg. P. 531,402-3; 
Montecatini Soc. Gen. per l'lndustria Mincraria e Chimica, Ital. P. 
570,450; Allied Chemical Corp., U.S.P. 2,800,105; Food Machinery & 
Chemical Corp., U.S.P. 2,035,381 

Manufacture by the oxidation of secondary alcohols. Masuo, F., & Kato, S., 
Jap. P. it'll (1050); Shell Development Co., U.S.P. 2,871.101 3; Fine 
Organics Inc., U.S.P. 2,010,415 

Preparation by air oxidation of aliphatic hydrazo compounds. Henkel & tie 
G.m.b.H., Ger. P. 1 ,03 J .280; by autoxidation of phenazine and its 
derivatives, libit franca is, Society d'Electro-Chimie, d’lilectro-Metallurgic 
et des Acieries Electriques d’L'gme, & I'Air Liquidc S.A., U.S.P.2,802,7 04 ; 
by partial oxidation of butane and propane. Biihler, G., Funke, A., & 
Kiihdorf, G., East Gcr. P. 10,101 

Improved stannate stabiliser. Food Machinery & Chemical Corp., U.S.P. 
2,872,203 

Hydrogen peroxide data manual. La porte Chemicals Ltd. (1000) 

Other peroxy compounds 

Preparation of calcium and barium peroxides of high purity. Makarov, S. /., 
& Grigor'cva, N. K., Zh. priM. Khim., 1059, 32, 2184 

Manufacture of potassium monopersulphate. Du Pont de Nemours & Co., E. I., 
B.P. 834,514-5; U.S.P. 2,885,412; 2,886,534; 2,901,318-9; 2,932,550 

Alkali and alkaline earth metal dipersulphatos. Food Machinery & Chemical 
Corp., U.S.P. 2, <890,272 

Sodium tri-and tetrathiocarbonates. Monsanto Chemical Co., U.S.P. 2,803,835 


Nitrogen compounds 

Ammonia 

The nitrogen industry. Agcl, F. Chcm. Engng Progr.. 1900, 56, (2), 41 

Synthesis of ammonia. Its contribution to the development of modern chemical 
technology and its economic importance for the nitrogen supply of the 
world. Timm, R, Chew. &- hid., 19(10, p. 274 

Change of gas source in ammonia synthesis industry. Watanabe, T., Seuryv 
Kyokaishi, 1959, 38, 726 

(New plant for) ammonia synthesis from coke-oven gas and blast-furnace gas. 
Bogncr, R, Chem.-Ing.-Tech., 1958, 30, 382 

Ammonium sulphate 

New method of preparation of ammonium sulphate in chemical coke plants. 
Kuz'minykh, I. N., & Kuznetsova, A. G., Nauck. Dokl. Yyssh. Shkolv, 
Khim. i khim. Tekhnol 1958, p. 799 

Chemical plant control. Simon -Carves Ltd., B.P. $14,087 

Producing ammonium sulphate by gas-phase reaction of ammonia, sulphur 
trioxidc, and water. Ito, Y., Masudo, E., A Kobayashi, E., Kogyv Kagaku 
Zasshi, 1957, 60, 1260 

Ammonium nitrilosulphonate by the gas-phase reaction between ammonia and 
sulphur trioxidc. Ito, Y„ A Kobavashi, E., Kogyo Kagakit Zasshi. 19:37, 
60, 1262 

Prevention of caking with surface-active agents. Imperial Chemical Industries 
Ltd., B.P. 803,192; Society Beige dc PAzote et des Produits Chimiques 
du Marly S.A., A Soridttf Carbochimique S.A., Belg. P. 555,045-6; Con- 
solidated Mining A Smelting Co. of Canada Ltd., U.S.P. 2,905,532; with a 
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cadmium salt. X.Y. Koninklijke Nederlatnlsche /out Industrie, Noth. I*. 
S4,ti3l*; with a tin compound. Sumitomo Chemical liulustrv Co. I .til., 
Jap. P. 3000 (PJj'.M 

Other ammonium salt* 

Ammonium nitrate by a modi tied Solvay process, /aim it Co. G.m.b IP, 
Ger. P. 105,410 

Reducing or preventing the tendency of ammonium nitrate to cake. Nitm 
glycerin A -R, H P. 742,i*.'>*> i Amended 30 .1.5*1: Imperial Chemical 
industries l.td.. 11 1 1 . n> 5.1I2: Kovtuu. 1*. K .. eta! .. Kuss. P lo'.i.liio 
Granulated ammonium nitrate without the use of a tower. Mil'vitskii, k. \ ., 
Russ. P. 11 7. ♦HIM 

Crystallisation of (non-caking) ammonium chloride. Tokuyatna Soda Co. Ltd., 
Jap. P. 4 !Hm [ 1 '.1 5s) 

Ammonium sulphamate (from ammonia and sulphur Dioxide). Minister of 
National Defence of Canada [Hoivm, J. LA, Canad. P. 57*,ln4; Hureau of 
Industrial Technics, Jap P. 552‘J ( I '.'Am 
M agnesium ammonium phosphate from olivine and rock phosphate. Mai Intiie, 
' \Y. H , A Marshall, H. I... J. acne. Fd Omm.. lh.7.‘. 7, M 

A ‘Une acid 

Contemporary state anil development prospects of dilute nitric aiid nianu 
facture. Miniovich, M A . Zh ptikl. Kh-.n: 31, 1 12'.* 

Development of the production of svp.thetic nitric acid m Russia. Luk'vunuv, 
P. M., Trud. in A. Id. ii-i , l'.»>. 18, 3*5 
Outline of the theory and prai tice of nitric acid tnanufai lure. Spruit. D. A . 

Fert’A. Soc. ■. Pnci t Pioc. I'.'oS. 5< ' 4U pp. 

Nitric acid manufacture: theorv and pram* »■. Sorbents, A H . A Sa< h>« •!, 
G. I-\. Ir.ludr. F.kckc C7:-vr!, 52, I"1 

Nitric acid and ammonium nitrate i.roduuion and st-e.rj--. Can'. I> M. 
P.Gl*. 15. *■*... T-ch. I ■ * . 

Concentration by tie- maum -ium nitrate pr Kastman Kodak < << . P> P 

"17. 730; Ch“n:ical Con stria tinn ( orp . I’.S.P. 

Purification of waste nitr:< a id containing le-vicii Dvnamit A.G . Ger. I’. 
1,030.747 

Concentrated mixtures of nitric and phosphoric a* id. PiiitM. h- Uauiug A.-G . 
Ger- P. 1.003.11)4; r s p, g ;;ju 

'EKctrolvuci concentration of aqueous solutions of mtri< a» id. Matnkui. 
G A., Russ P. 

Hydrogen cyanide 

Synthe.si, of hydrogen cyanide from nuthatn and ammonia without addition 
of oxygen. Endte-r, K.. (.hem.'Iiu'.-i ech.. P.c3*, 30, 3ic» 

Svnthesi.s of hvdrogen evauide bv autothermh rra- tion. >h< rwoo'!, P . /v/ref 
hn?r, p..;,’), 31, i-y X:: : cm 

Manufacture with A1,0, 7.riO catalyst DKGI’SSA, G«t P l‘G 1 ♦ .G ; v.il!. 
AljOj-ThOj r atalvst. Horiuchi, T, Jap P it I AT il’.i.iii; Horne hi, | , 
el al , L’.S.P. 'J.nVJ.gol ; with A1 jO a -MgO catalyst. Sasaki. I\ . jap P. '.*I2»> 
(PJ’/J) 

Polymeric reaction products of hydrogen cyanide and sulphur Dioxide Pure 
Oil Co., C.S.P. 2 ,'jO* 55o 

Cyanogen and (or) cyanic acid Rohm A Haas G.m b H , Ger P. 1,0411,521 
Cyanogen. American Cyanamid Or, U.S.P. g.'.nth,551 

Other nitrogen compound; 

To obtain pure N,0, (from a technical grade) Khmov. V. T , A Litvinenko. 

f. I., 7 rud. Kharkov. p<ditrkh. lu t , Ser khim, l rhinml , l'.G*, 18, (5), .si! 
Hydrazine, by decomposition of aldazine or keU/.in*v Pn rgwerksv- rband zm 
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Yerwcrlung von Schutzrediten der Kohlentechnik G.m.b.H., Ger. I'. 
1,019,047; hydrazine sulphate, from bcnzophennncazine. Sotiete ties 
Usines Chimiques Rhone-Poulenc, U.S.P. 2,931,707 
Hydroxylainine monosulphate, by reducing an alkali metal nitrite with sulphur 
dioxide. Chemische Wcrke Htils A.-G., Ger. P. 907,551 
Ammonium dinmidopho.sphate. Chemische Fabrik J. A. Benckiser G.m.b.H., 
Ger, P. 1,(110,778; (diphosphoric acid tetramide) 1 ,0 18,399 ; (imidopoly- 
phosphoric acid amides) 1,011,859 

Ammonium hydroxvlaminodisulphouate, Kalub, V., Kepis, J., & Vnukova, K., 
Czech. P.\ ss ,0M 

Phosphorus compounds 

Phosphate rock. II. Processing and utilisation. Waggaman, W. H. r & Ruhlman, 
K. K., U.S. hur. Min. Inform. Cite., 1900, Xo. 7951, 30 pp. 

Phosphoric acid manufacture by the wet process. Union Chimique Beige S.A., 
B.P. 831,370; Belg. P. 338,733; 070,131; Nedorost, C. , Czech. P. 9U.&55; 
Knapsack (mesheim A.-G., Ger. P. 1,00*2.743; Metallgesellschaft A.-G., 
Ger. I 3 . 1, 028,038; Oriental High Pressure Industries Co., Jap. P. 3021 
(130(1); Oki Fertilizer Mfg Co., Jap P. 7410 (1307); U.S. Atomic Energy 
Commission, U.S.P. 2,801,803; Gulf Research & Development Co., U.S.P. 
2,800,713; Chemical Construction Corp., U.S.P. 2,880,203-4; Horizons 
Inc., U.S.P. 2,880,200 0; Phillips Petroleum Co., U.S.P. 2,887,302; 
Benclicld, ( , S., U.S.P. 2,830,330; Struthers Wells Corp., U.S.P. 2,837,003 
Com rntraium be ion-exchange resins Nissan Chemical Industries Ltd., Jap. J'. 
1 172 ( 1 303 1 

Clarification with boric acid. International Minerals & Chemical Corp., U.S.P. 
2,323,777 ; 2,330,888 

Polymeric phosphorus pentoxide. Monsanto Chemical Co.. U.S.P. 2,307,030 
Zinc phosphide. Vol’fkovieh, S. L, Kemrn, K. F., Strongin, G. M., & Abreimov, 
P. G., Russ. P. Il l, SJ2 

Titanium phosphides. Samsonov, G. V., & Vereikina, L. L., Russ. P. 127,02 s 

Silicon and its compounds 

Manufacture of silicon. Kautskv, H., k Haase, L., tier. P. 1,(1(13,130 
Solid i lispropm Donated silicon monoxide. Goodrich Co., B. F\. B.P, 828,723 
Vapour-phase production of colloidal silica. White, L. J., A Duffy, G. J., 
I mi itstv. J'npng Chou., 13.VJ, 51 ( 232 

Simultaneous production of irichlorosilane and silicon tetrachloride. Kafvrov, 
M. I., ft at., Russ P. 120,510 

Silicon tetrachloride* and aluminium chloride (from allovsor wastes), lainshtotn. 
S. Ya., Zaretskii, S. A., Trnkhanov, N. L., & Arkhangel skaya, Z. A., 
Russ. P. 1 1 0,220 

Fluosilicic acid. Colton, K,, J. chew. Jufuc., 1338, 35, 51)2 
Potassium ilunsilicate. American Agricultural Chemical Co., U.S.P. 2,853,3(13 
Silicon sub-bromide. Kali-Chcmie A.-G., Ger. P. 355.414 
Zone-reiining of silicon tetiaiodide. Baba, H., Xazaki, T., & Araki. H., hull, 
chon. Soc. Japan, 1353, 32 , 327 

Silicon isocyanate. Feidniiihle Papirr-u. Zellstoffwerke A.-G., Ger. P. 1,013,(135 

Boron and Its compounds 

Pure crystalline boron. Stern, 1). K., & Lynds, I,.. J. ehctrochem. Soc., 1 3.38, 
105, (17(1 

elemental Iroron manufacture by magnesium reduction. U.S. Borax <$; 

Chemical Corp., B.P. 833.70(1; U.S.P. 2,837,050 
Borides of rare-earth metals. Samsonov, G. V., Usp. Khim., 1053, 28 , 183 
{ Inorganic) boron derivatives, metal borides, and their applications. Koos, A,, 
Chim. ct Induatr., 1353, 82 , 339 

Polymeric boron monoxide. Olin Mathieson Chemical Corp., Ger, P. 1,040,520 
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Manufacture of boron compounds from tin* brines of Scarlcs Lake. Bixler. 
G. H., A Sawyer. D. L., Chun, et Industr.. 1959, 82, t>7t> 

Potash 

New problems in the mining technology of potassium salts. Jendersic, H., 
Ereibetg. Eorschungsh., 1 958, (A$8). |p 

Benehciation of potassium salts and their influence on mining and processing. 

Dedekind, 1\, Freiberg. Ferschungsh., 1958, (ASS). 15 
Application of electrostatics to potash beneficiation. I.e Baron, I. M., & Knopf. 
M . C.. AJ.oi. Eh* ng, 1958, 10, 1 OS 1 ; 7‘rjiis. Attu'r. Inst. min. (metall.) Engx 
1958. 211, Tech. Pttbl. 47tU-H 

Application of electrostatics to concentration of coarse pebble phosphate. 
Xorthcotr E.. A Oherg, F. N , .\/;5i. Engne. 1958, 10, 1 Os 1 ; Trans. Awn 
DiO. n:in. (meLi/.M Engrs. 1958, 211, Tech. Putt. 4TG*2-H 
Application of electrostatics to feldspar beneheiation. Xorthcott. E, & Le- 
Baroo, I. M., M:n. liner.*, 1958, 10, 1(J$7; Trans. .Inter. hist. nun [metall . | 
Er.*r>, 1958. 211, Tech. Pitbl. 47£MI 

The Geiger counter as a control tool in processing potassium -hearing on*>. 
Knopf. \V. C., A Samuel, G, Mm. Engng, 195s. 10, |n94; 7r<i«v Ann ■; . 
In<t. »:w. {metal!.) Engrs. 195s. 211, feck. Pitbl. 4701 H 
Potassium industry in East Germany. Lemanczyk, K.. Chemth, 1959. 12, VII 
Potash industry in Alsace. Vossen, J . Ann. Oembl.. J95\ 64, 155 
Sodium sulphate, its application in the manufacture of potassium sulphate. 
Rovira, J. M. K . 1959, 19, 59s 

Potassium sulphate from set*, bitterns. Mhavnagary. H. M , A Gadre. G I . 

lie;. & InduAr tXeu Delhi*, 1 959 4, M 
I’ota-sium clilond*- from sea bitterns. II. Recovery of potassium chloride, mac 
nesium sulphate and potasMum sulphate. Gadre, G. T , Ran, A. V., A 
Bhavnagary. H. M J. ni. industr. Res., 195*1, 17A, 479 
Nitric acid an<i ammonium sulphate treatment of leucite rock to recover potudi 
and alumina. Garbato, C , Ital. P. 5» ;lv5- s 
I sothermal pnxe-s for potawum < )d«*ride manubn. ture from brines Stale ni 
I-rael it D-ad Sea Work- Ltd . Lr.«-h p. lo.doM 
Recovi.ry of pota-.-mm salt- from bitterns nr brines. Iduba.du, i\ . Jap I’ 

Pota->:um, etc.) salts of tiuorosulphinic a< id Seel, Y , tier. I*. I ,im h ».:L'> 4 
I wo-h'ju:d>iayer -.ait-conc i-rsion pro, ess dor preparation id pomatum tin - 
evanate,. Lalkry Chemical Co , B I*, -on r uo9. I'.S l 1 . 2.9nn,22:{ 


Alkaline earth metal compounds 

Cab: t a m 

Economic production of lime in coke-fired kilns Hntfman, I /.wkft 195* 

11, 47S 

f.ime manufacture. Wuhrer. )., Rev Mater. Constr.. I , 195* p .1.19; 1959, p. I*; 
A new method for purifying milk of lime, Hartl, K . I.iAy ruhr , 1959, 75, 1 l 
( ry.stal seeding (of calcium sulphate) to r- du« e sludge volume in disposing of 
sulphuric acid waste Faust, S. ]>., <X Orford, H K, Indmtr Engug Chew., 
1958, 50, 1517 

( om paction of sludges resulting from lime neutralisation of dilute sulphutu 
acid wastes. Faust, S I;., Divert, AbUr , 1959. 20, 259 
Calcium monofluoridc. Farbenfabriken Bayer A -G BP .*<21907 (hr I* 
1,041,015 

Fluorspar and its bene fir lation. Raman, P. V., & Narayanan, P. L. A., .Wit 
Metallurg. Lab. India tech. J., 1900, 2, (2), 18 
Calcium cyanamide manufacture. Minister of Supply, Ismdon (Chard, S 
B P. 828,440; Badis< he Anilin- u Srnla-Fabrik A. <7, Gcr. P. 905,992; 
Suddr.ut-.che Kalksti* k.stotf-WVrke A.-G.. Or. P. 1.012,942; Shinrtsii 
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Chemical Industrie* Co., Jap. P. 2(Ji> ( I Uo8) ; Phillips Petroleum Co., 
U.5.P. 2,917,305; Darbinyan, M. V., cl al., Puss. P. 115,990 
Calcium carbonate for use as a pigment or filler. Solvay & Cie, H.P. 831,921 ; 
Diamond Alkali Co., P.P. 832,829 ; Chernische Pabrik Kalk G.m.b.H., 
Ger. 1 J . 1,005,940; Sinclair .UfgCo., U.S.P. 2,805,781 
Increasing the lilterability of calcium carbonate suspensions. Mariotti, E. ( 
Ital. P. 548,775 

Acicular calcium silicate. CVilumbiaSoutherii Chemical Corp., U.S.P. 2,888,377 
Densifying and pelletising alkaline earth silicates. Columbia-Southern Chemical 
Corp., U.S.P. 2,929,093 

Colloidal calcium magnesium silicate. Taka hash), K., Jap. J > . 2200 (1959) 
Hydrophobisation of calcium carbide. Heiiszelmann, P., Sehtevegyipan 
Kutatd hitezet Kozlaninyti, 1 958, 1, 170 
Use of crystalline limestone in production of calcium carbide Jogarao, A , tic 
Sundaram, M sa. induttr. Res., 1959, 18 A, 3 I 3 

Magnesium 

Extraction of magnesia from dolomite Sanada, Y., Miyazawa, K., & Tazawa, 
N., Sekko to Sekhai, 1058, {36 , 20 

The production of caustic magnesite from donu stic raw materials. Cernoch, S., 
Miiek, M.. tic Stark, 11., Chan, cicsti, 195s, 12, 3*7 
Kydrating dolomitic quicklime. Kennedy van Saun Mfg A: Kntmg Corp., IIP. 
727,528 

Economic data for manufacture of MgO from the brine', of Crimean lakes. 
Uur'e, M. A., Komplch v I spol'ro; an:r Sai\thv!:h AViiovr;’ Snath a i 
Rcrekoptkikh Veer, A had. Sauk l.'kr. S.S.R., 195*, p. li.l 
Extraction of magnesium from the mother liquors of sa.lt pits. Riva, II., Ann. 
thine, Roma. P.»59, 49, I 10 

Magnesium hydroxide {from brines). State of Israel. Israeli P. 12,128; Asahi 
Chemical Industry Co. Ltd.. Jap. P. pi, 786 (1958); Kaiser Aluminum A 
Chemical Corp., U.S.P. 2,>95,slu 

Magnesium hydroxide (crystallisation with the aid of citric acidi. Tokyo 
Institute of Technology. Jap. P. lo,7M i ]'.».»>!; {purification using an 
ammonium salt). 10,785 (195*) 

Dehydration of salts (magnesium sulphate, chloride or camallite, using in- 
ductive electrical heating). Salzdelfurih AC... tier. P. 941,307 
Magnesium chloride and iron hydroxide (bv double decomposition). Norsk 
Hydro- Klektrisk Kvaelstof A S, Xorw. P. 22, nil 
Pure magnesium Jluoride. .Minaf, S., Czech. P. 89,491 

Problems in the production of sea-water magnesite. Gilpin, \Y. C., Refract. /., 
1959.35,4 

Preparation of .•.yntheiic dolomite Medlin, \Y. L, A wet. Mne, 1959. 44, 979 
Strontium and barium 

Strontium. A materials survey. Sclinrk. A. K.. A Anuulale. J. C., US. liur. 

Mint's hifotm. ( or.. 1959, No. 7933, 45 pp. 

Concentration of barytes bv dotation, Hraniste, C , Nichita, O,, & Serlun, S., 
Bui. Inst, polit.'lasi, i958, 4, (8). 179 

Reduction of barytes with hydrogen. I. Kinetic studies in a differential reactor. 
H. Kinetic studies in fixed and fluidised beds. Culver, K \ ., Hamdorf, 
C. )., & Spooner, E. C. K, p /. appl. Chau., 1958, 8, S1U. K*>0 
Gaseous reduction of fluidised barvtes. Salvi. (*.. it Kinmara A Rir Combust., 
1958, 12, 525 

Aluminium compounds 

Aluminium oxide from aluminium-containing slags by leaching with a sodium 
bicarbonate solution. Akorman, K., Znmdzinski, It., & Gadula, R., Anh. 
Hutnictiva, 1958, 3, 255, 287, Stailles, J. C., U.S.P. 2.S59.1UO 
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Preparation of aluminium salts from clnv. YKB Earhenfabrik Wolfen. PSP. 

2,907.033 

Manufacture of aluminium chloride liijuor. Yeiikataraman, S.. & Kuloor, 
X. R., Ckem. India. 195i\ 9, 3ul 
Improved metal halide generator. Cabot Inc., C>. I.., U.S.P. 2.S49.293 
New alkaline method to produce lluoride salts. Ivuz'min, H. A., Ui y<t. i 'y<<hikh 
Vcheb. Ziiiedenii, Tsvetnaui Met., 195s, i3), SO 

Titanium compounds 

Extraction of titanium dioxide from ilmemte. Prasad, S , A: Tiipathi, J. B 
Indian J. appl. Chitn., 195S. 21, 1 

Oxidation of trivalent titanium compounds in solid titaniterous material. 

Titan Co. A S. B.P. >09,733: Xorw. P 93.33* 

Lower titanium oxides. I'arbonfabriken Bayer A.-G., tier. P. I.buO. 17<« 
Titanium tetrachloride manufacture in a ihmlised bed, Columbia-Southern 
Chemical Corp.. B.P. Sol. 424: Laporte Titanium Ltd.. H P. .*Uc*22; 
>27,003; Kanbayashi. K.. Jap. P. '2 '.Mil i 19391; Titanium Metals Corp. <>t 
America, U.S.P. *2.?*7 1 J *0 1 : American Cyanamid Co.. U.S.P. >.‘'79.131: 
Ethyl Corp., U.S.P. 2,>»>S,021 ; l\S. Pep. of the Navy iClabaugh, \V. S.. 
0c Gilchrist, R 4, U.S.P 2.913,304; National DMilRrs Chemical Corp., 
U.S.P. 2,910.331; Union Carbide Corp., U.S P. 2, 997. *43; lonies lm , 
U.S.P. 2.92*. 724; Monsanto Chemical to., U.S.P. 9.930,917 
Titanium trichloride .by reduction of tetrachloride with metallic antimony i 
Etlis, V, S., Kirillov, A. I., Ac Baranova, L). l\, Russ. P. 113,99* 
Anhydrous titanium tetrariuoride. Allied Chemical Corn.. U.S.P. 2.9oo.23l 
Tibrous alkali metal titanates insoluble in water. l)u Pom dr Nemours Ac Co., 
E. I., Ger. P. 1. "39 .939 : U.S.P. 2. Ml .17'' 

Pure calcium titanau-. TitangO'vlDchaft m.b.H.. tier. P. !, 0149,179 
Alkaline earth zirconan.s and titaraU". Goldschmidt A.-G., Th. , tier. P. 

Dry alkali chlorotitanat»\s. Armour Research Eoundn, U S P 2, *37. 2 Pi 

Various metal compounds 

MiidHanc'o’.ti 

Basic chromic chlorides. Diamond Alkali to., G« r. ]’. 1,03s, 020; U.S.P. 

'i*n 7*23 

Crystalline cobaltous hydroxide. Mond Ni< k<-l Co. Ltd., B.P. *19,170 
Oxidation of cuprous to cupric; chloride. Knapsiu. k-Gn>>heim A.-G,, Ger. P. 

1 ,014,973 

Cuprous cyanide. DKGUSSA, G»t. p I.oo»,72o 

Eerrous sulphate suspensions. British Titan ProdurtiCo. Ltd , B P *oh, 1 Io 
P reparation of lead ai.i cvanamidr. Koutnik, V., it Nov.ik, V., C h m Htxin: , 
1939. 9, 1* 

Improved method for pr<-< i pi taring manganese dioxide. Clark, II. j., jun , 
U .S. at. Energy Comm., 1990, DP- 144, 12 pp. 

Chemical manganese dioxide. Prieto, M A , Douglas, G. S., Ac Hoffmann. 

R. \V„ PH Hep , 133, 37*, 123 pp. ; U 3 S'. Cm t He,. Hep.. 19.39, 31, *7 
Mercury monochloride thy chlorination in carbon tetrat blonde •}. Is rec h , [ , | , 
Kuss. P. 1 13,97b 

Nickel nitrate. Vasserman, I. M , Eradkina, T. P , Sc Shcherbakov, A. A . 
Russ. P. 199.4*2 

Separation of chlorides of niobium an»l tantalum. Cl BA Ltd . B.P, *33,211; 
U.S.P. 2,92*. 722 

Silver nitrate (from metal and nitric acid in the presence of oxygen or won.-), 
Amaryan, A. P., Galankin, I. I., Plyarpa, V. I , & Remzova, A. A., 
Russ. P. 120,327 

Thallium sulphate. Duisburger Kupferhiittc, Ger, P. 954,230 
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Tin (n) chloride iluoride ;unl monochloride tri fluoride. Indiana University 
Poumln, JL P. 804,9 53 

Tungstic anhydride and tungstic acid from schcelite concentrates. Ikhil’chik. 
I. R. Kuss. P. 112,1X9 

Isolation of silicotungstic acid. Mares, F., & Ccjka, J., Czech. P. 88,151 
Z'mc oxide (bv burning the vapour in a high-velocity air stream). Messrs. 
Kamani Metallic Oxides Private J.td,, Indian P. (>.‘1,057; (a new butf-red, 
finely-divided form). Merck & Co. Inc., U.S.P. 2,x98,191; (of decreased 
acidity). New Jersey Zinc Co., U.S.P. 2,911,802 
Zirconium tetrachloride. Metal & Thermit Corp., Ger. J\ 1,021,072; U.S.P. 
2,91 1,379 

Trioxodi zirconium hydroxy halides. National Lead Co., U.S.P. 2,837,400 
Review 

Brazilian practice in the separation of rare earths. Krumholz, P., et ul., Proc. 

’2>hl r.X. inf. ( \mf. Peaceful //ses at Limey, Getu'a, 1958, 28, 181 
Molten salts. Room, H., Rev. pine appl. < hem., 1959, 9, 139 
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Bv MEMBERS OF THE ROAD AND BUILDING 
MATERIALS GROUP 

CEMENT AND CONCRETE (P. E. Halstead, Ph.D., F.R.I.C.) 

Cement & Concrete Association. W exham Springs, 

Stoke Poges. Bucks. 

Cement manufacture 

No outstanding advances have been made in the period under 
review but considerable interest is reported from the U.S.S.K. in 
non-traditional methods of cement manufacture Krylov & Pomynn 
( 1 ) describe the preparation of a Portland cement bv fusion at 
1900-2000' in an 0.,-enriched air blast and Ershov M Kashpernv- 
skaya (2) also describe work on fused cements of the faO SiO., 
A1 2 0 3 system. The possibility of using tluidised-bed techniques in 
a shaft kiln has been examined with the aid of a model (Tj. 

The effect of small additions of Cr 2 0 3 , V a 0 5< P 2 () 3 and BaO has 
been investigated (4), and it is claimed that these oxides enter into 
and modify the alite solid solution structure, so improving the 
grindability of the clinker and the properties of the finished cement. 

In a study of the relationship between the properties of cement 
and its granular composition Ivanuv-Gurodov (dj mentions that 
gypsum requirements are more sensitive to small changes in grain 
size than in mineralogical composition. 

A series of papers by Costa A Petrrmann { fi) describe the use of 
radioactive tracers to study material transfer and dust evolution 
in rotary kilns and the causes of clinker ring formation have been 
reviewed (7). 

Special cements 

The production and properties of hydrophobic Portland cements 
has attracted considerable attention and several patents covering 
the production of such cements have been granted, tvpi<allv for 
the addition of such materials as oleic arid and waxes in amounts 
of the order of 1 0 „. Hydrophobic cements generally are reviewed 
by Kosina bV). Schltinz (ft) mentions the production of a hvdru- 
phobic gypsum -slag cement with improved keeping qualities. 

Expansive cements based on calcium sulphoaluminatcs an- 
described by Klein ft Troxell (10) and the possibility of producing 



ROAD AND BUILDING MATERIALS 


37 


intrinsically coloured cements by incorporating small proportions, 
typically 0*05-1%, of Cr, Mn, Fe, Co, Ni and Cu in the raw 
materials fed to the kiln has been examined (//). 

Barium aluminate cements are described by Braniski (12) and 
are claimed to be superior in refractoriness to the corresponding 
calcium aluminate cements. A French patent (13) has been granted 
for a cement of this type. 


Cement hydration 

Further electron microscope studies of hydrating cement are 
reported by Czernin (14) and Saji (13), and Schwiete et al. (16) have 
published a monograph on the hydration of C 3 S and JJ-C 2 S. 

Manabe & Kawaka (17) have described their use of 35 S as a 
tracer in investigating the formation of calcium sulphoaluminates 
and the reaction between gypsum and calcium aluminate. The 
thermodynamics of the system CuO-SiO* H 2 0 at normal tem- 
peratures and under hydrothermal conditions haw been examined 
in detail by Babushkin <S: Mchedlov- Petrosyan (IS), who calculated 
and measured heats of hydration and of formation of the various 
compounds in the system. 

A series of U.S.S.R. patents ( 10) describes claims relating to the 
reduction of heat evolution in the livdratiou of aluminous cements. 


Mortars and concrete 

The carbonatation of hydrated Portland cement products has 
aroused some interest. Cole & Kroonc (20) have published an 
extensive review of the subject, while Biakov and Kroonc (21) 
discuss the reaction of ('()« with mortars. Experiments on the 
artificial earbonation of masonry units and its effect on shrinkage 
have been described (22). 

Curing conditions generally were the subject of a report bv a 
committee of the American Concrete Institute (23). 

Koch & Steinegger (24) have reviewed existing methods for 
assessment of the sulphate resistance of cements and propose a new 
rapid method based on the estimation of OH ‘ liberated by speci- 
mens immersed in Xa a S0 4 solution. 

Alkali- aggregate expansive reaction attracted little attention 
but Hansen observed (25) that there seemed to be a relation 
between the magnesia content of the cement and the amount of 
expansion when high-alkali cements gave an expansive reaction 
with some aggregates. 

The factors affecting the corrosion of reinforcement in concrete 
have been investigated (26) ant 1 the effects of commercial additives 
have been examined (27). Shalcn & Raphael (23) have continued 
their work in this held by studying the effect of using sea water for 
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mixing concrete and have described tests on mild steel in cement - 
water suspensions. 

An interesting paper by Alexander (29) describes measurements 
of the strength of the aggregate-cement paste bond. 

Epoxy resins have frequently been suggested for the repair of 
concrete and an example is quoted by Davis & Pinkstaff 00). 

Sodium fluoride may be used as an admixture in place of calcium 
chloride, for winter concreting 2° 0 sodium fluoride — 3° 0 sudium 
chloride being equivalent to 15 w „ calcium chloride- a° u sodium 
chloride [31). 


Analysis and testing 

The principal innovation in this held lias been tin* use of X-ray 
methods of analysis for raw feed and clinker. X-ray fluorescence 
may be used to determine Fe. Ca, Si, A1 and Mg in raw materials 
(32) and an important series of papers from the Portland Cement 
Association (33) describe work on the estimation <>f the mineral* »- 
gical composition of clinker by X ray diffraction. 

The determination of chromium in cements (34) is of interest in 
connexion with reports (33) of dermatitis due t<« the presence of 
this element. The determination of fluorine in clinker is dexribed 
by Bogdanova (33). and Francardi <\ Cremaschi \3 ? 1 have dFaisx*d 
the interference by calcium in the determination <>f alkalis by flame 
photometry. 

A hydrometer ha< been used t»*r estimating cement content of 
fresh concrete (.JA). The ASTM method !.■*»> for determination of 
heat of hydration was examined by Santarelli <7 ai. (39) and a 
modification was proposed as an improvement. Hansen f 10\ and 
Sulikowski f 41\ have reported on falx- s*-t . and the latter notes that 
false set increases the shrinkage of cement product.-. 
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CLAY AND CLAY PRODUCTS (YV. Noble, B.Sc., F.I. Ceram., 
A.R.I.C.) 

British Ceramic Research Ass. t 
Stoke-on-Trent 

Mineralogy 

Methods of identifying many day minerals have been simplified 
by recent sorption studies. After investigating more than tiOO days 
Keeling (/, has found that corrected ignition loss/moisture 
adsorption ratios provide indices that are sensitive to changes in 
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composition and give characteristic values for a range of clay 
minerals. Evidence about accessibility to different mineral struc- 
tures has been obtained from a study of absorption rates (<f) , and 
absorption by mixtures of clay minerals has been shown to be an 
additive function of the minerals present. The rate and amount of 
adsorption was also influenced by the exchangeable cation, the 
importance of which has been further stressed bv Brooks (*/) as a 
result of tree energy considerations of adsorption isotherms, Good 
correlation between surface area and exchange capacity in monn- 
d is perse fractions of a Florida kaolin has suggested (•>) that the 
exchange behaviour of kaulinite was primarily a surface pheno- 
menon but Holdridge (6*1 has indicated that limited isomorphous 
replacements of Al 3 ~ by Fc 3 ~ and Mg-" may account for a con- 
siderable proportion of the cation exchange capacity of the 
ka<*!initc in ball-clays. Measurements of dielectric loss have been 
made i*n several clay minerals to detect lattice defects {?). 

Preparation and drying 

Currie Cc Grimshaw •.«$) have confirmed equations that relate the 
viscosity of fully dispersed suspensions with concentration and 
have shown how thixotropic behaviour is enhanced by the presence 
"f small particles and In' exeessive concent rations of electrolytes. 
Tlit- dominant effects, on the flow of plastic daw of >pedfic surface 
area and »-f i<-n> nr <.t It - a->oriated with the day minerals have also 
Nen denT nstr.it ed. 

Two recent papers dealing with extru>ion (-K !0) have cit <■< I 
♦■violence of the orientation of day crystallites at lamination and 
shear-planes. The theory <4 oriented and semi-rigid water layers 
on clay water systems has been applied and developed (//) to 
explain observations on the properties, drying characteristics anil 
dry strength of products made by different methods over a wide 
rang-- of moisture contents. Brooks (•/) noted that adsorption 
n-sults were influenced by re-drying, and Okuda (i'J) has found 
that rheojngiral and some diemiod properties <4 kaolinilic day* 

• an be influenced by a previous ‘drying history' through its e|tr« t 
on the bonding power or 'fixation' of adsorbed cations at the *ur- 
Fn of tin- day mineral-. Indications of the strains developed 
during drying and of the tendency for inequalities in moisture 
distribution to p»*r.d.st in pla-tir clays have also been given (/ >). 

Firing 

I he range of application of the pvroplastic index (H) as a 
deformation characteristic of the clay during firing has been ex- 
tended to cover products with different shape factors (/.’>) and maxi- 
mum values accepted in New Zealand for clav building products 
Five been reported (W). Measurements of changes in elasticity at 
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different temperatures have been used (17) to explain an effect of 
grog additions on the control of cracking and deformation. Progress 
in the study of kiln design has been reported by Holmes ( IS) 

Properties and testing 

Moisture expansion has now been recognised as an inherent 
property of clay wares and measures to limit and to accommodate 
the small changes in dimensions in buildings have been recom- 
mended (7,9), although the difficulty of designing tests to simulate 
conditions of usage is recognised (20). Norris and others (21) have 
differentiated between expansions associated with short- and long- 
term adsorptions, glasses and crystalline components and effects 
due to soluble salts. 

The search for adequate tests for durability continues and 
measurements of size changes (22) and pore size' distribution (23) 
have been made to help to elucidate factors favourable to frost 
resistance. An improved method for determining the sulphur oxides 

■ n T*™ h , as bet>n dcsrribed (&*) a British Standard 
issued (/$) on the sampling and analysis of fuel gases 


pp. 


. 43, I t 


References 

(/} Keeling, I’. S., ‘Iran j. Hth mt. Ceram. Congr 19,>» p p - /, 

,t00k ' t***-*™ 

(.5) White. W. A . A I'i. hler. K„ W.St.pcI.Smrn-, IW.9 Cir. \r> 
f< hew. ;Uhtr., I'.Ci'.i, 63, I4H.V>) 

(4) Brooks, C. S.. /. phvs. Chew., IiKiO 64, 

p r r, 1 n , sb > & ^ ,i,r,sis ' i M • J «*•. aw., it,,;,. 

(6) I lolrludfic, I). A , ns reference C, p. 30 
(?) Dekeysir, \V., Silicates industr.. I9f>9. 24, «> | ;> 

<*) Currie, T K.. vS: Grimshaw, J<. \V . as reference 1, p 2U7 

: h nT^ n ’ir ‘ Hodgkin son, H. K.. as reference 2. p. 

Detaille, II., Silicates wdustr. 1931) 24 T7i> * 

!!.n ( ^ ,U > l \ H ■ & NohIr - W as reference p. 209 
(/-) Okucla, S.. Yagvo h'xokai Shi 1 9f>9 67 

! S W ,, 7 T' 59. 3*. is 

/J w i n s l n * ' 0st \'V Br “- «»• AW.. 50, ;>uti 

k';'* ■ H • * McDowa11 ' I- C..J. .Una'. ceram. AW.. 

l/t(| Uiuey, l T, Dull, .liner arntn. AW.. I9MI, 38, 307 

!/ 1 '*>• « 

{19) Clay Prod. J . .Jh.s/ | G50 26 fl?} °0 

B ” w “2, , ^'r!S j;*- ‘ »— • »■ r«. 

m ""s4S-i 1 - «- « <—r. k c. j, m 

/ail T /V hmann - B*. as reference l, p. 429 

)J} r-'iT t ’ i* I<iKer ’ C • as Terence I, p. 401 



42 


REPORTS ON THE PROGRESS OP APPLIED CHEMISTRY 


GYPSUM AND ANHYDRITE, AND THEIR PRODUCTS 

(H. Andrews, B.Sc., A.R.I.C.) 

British Platter Board (Holdings) Ltd. 

A considerable number uf papers have been published un the 
scientific and technological aspects of gypsum and anhydrite during 
the year under review, but it cannot be said that any considerable 
advance in our fundamental knowledge has resulted from them, 
nor have any of the outstanding problems been brought any nearer 
to being resolved. The dehydration products of gypsum have been 
studied by Razmik and others i/i, by determining their sorption 
isotherms with water vapour. It is suggested that insoluble an- 
hydrite, when exposed ti > what i< called saturation vapour pressure, 
may first hydrate to heinihydrate. The controversy over the 

existence of two forms of heinihydrate- x and continues. 

Powell 1 2; has >h avii that the rates of formation of soluble an- 
hydrite from heinihvdrates prepared in two difierent wavs, mu- 
said to give the x-f<»rm. the other the 'i-tmm. were very similar, but 
the rates at which insoluble anhydrite formed were quite different, 
being much greater for the x-fmm. This difference has been con- 
firmed by Mitsuki cc Kita f->i. who. however, show ih.it the rate 
ran vary with the physical condition of the sample and with the 
rate of boating. Powell / has n>.w u-ed this phenomenon t<> 
demonstrate that hemihydrate. c.immercially produced in a kettle, 
consists of x- and Vlmim and dots not loiitain, as has bn-n 
'Uggesteti by Eipeltduer (Jo imm- interm»-di.ite ii: pp'perties 
between the two. 

Tlu- hydration process of hemihvdrab- has been studied by 
Ridge a: Hill (ti) with particular reference to its variability from 
one commercial plaster to another. Th« v conclude th.it the 
variation resides chiefly in differences in the drndtv of seeding 
nuclei and suggest that most of the nuclei in plasters are due to 
potential nucleus-forming site* on the surface of the heinihydrate 
rather than to discrete grains of gypsum. A proportion of tlnM* 
nuclei are readily destroyed bv re-heating the piaster, and tin- 
density of the residual nm lei differ.* greatly between planters. They 
suggest that the density of n-ddual nuclei may be related to the 
density of dislocations in the hemihvdrate crystals which, in turn, 
depends on the previous history of the plaster and the typo of 
impurity present. 

The considerable work carried out by the C.S.I.K.O. Australia 
on the properties of *et heinihydrate plasters containing perlite, 
with particular reference to their dimensional stability, has been 
set out in a report (7). It is concluded that the expansion of perlited 
plasters subsequent to setting is caused by the rehydration of the 
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perlite but that, in general, the forces involved should not lead to 
trouble in practice. 

The difficulty sometimes found in obtaining an adequate bond 
between set gypsum plaster and concrete made with certain types 
of aggregate has been dealt with in some detail by Ryder (S). It 
derives from the lowering of the coefficient of thermal expansion 
of concrete when aggregates such as limestone or crushed brick are 
used. This lowering increases the differential thermal movement 
between set plaster and concrete and most of the failures followed 
a rbc in temperature of the structure. 


References 

{/) Ka/ouk, K. I., Salem, A. Sh., & Mikhail, K. Sh., f. phvs. Client., 1960, 64, 
I.Tiii 

2) Powell, J). A , Xaluii, l.iin-i , 195\ 182, 792 
i-J) Mitsui.), <\, A Iviia. M.. S’atur,-. 1959, 184, ! |sl 

-I) Powell, 1>, A., Xaiuir, i.ov.'i., Ri»;u. 185, 375 
< ■ » i Pip.-itaurr, Zrownl-Kitili-ftip-, 1950, 9, 7»i 1 1 
a;j Hide--. M. j., * Hill. K J) , Jut. j. opr!. Sr:.. !9on, U, Inu 
o'i Ku-srl), |.| , Rlukrv. | . A., A Hill, K. I)., C S.I.K.O. Australia. Dive of 
i viiifii:;,: u-s„ jr, )j. pup- r No. 9. ratal 

■*>] Kyf i, J. I < iiutl. Sit>,t y.u, 1957, 90, 1 7*3 

Supplementary Bibliography 

Addme !iv a-h t-> cvpsum plaster; promising results of some recent tests. 

Koiuotrr, A . A Taylor. B. J., UuiUler, I.o.uP, Ipiili, 113, <01221, 53* 
Ad-m ;»tioi! ii| Mirin' r-;ii live aynt < fii evj)sum. Iviki. K., Tsiidn. T., <!c Ikeno, 

> ( t - Sii.hu;. 1959. i IV i. 3 ' ( i i tunic Jbstr., 19C.H, Jan., V) 

K- ,r,!K !i wuik latiirtl out at the Buildim: iinginei rini; Institute on the 
iJny usjny » al* imn sulphate hemihvdratc for the construction of 
< \t* rn.il u'.ilb Ilartwin. H , l>:ui. Inform, lurukoro-trchniccha. 11*59, 

■ I V. 71 

Contmtv a)' A" r. iv inv- a i^.iiion iisinv: an autoclave for the conversion of 
dp-un: in !;■ imhvili.il- . l>rosiv. j. H.. A (him, K. V... J -;;cr. MAi., 1959, 
44, Till 

T- stiu.c of nullin'. and plasters. Robert. S., SAihattcrhnik. P.MiO, 11, p'.), 273 
[ h i (ur.p-eil ion <>i yvp'iun in tlv presence of carbon. O’Brien, W | ., A Nielsen, 
f . I }\< ... 1959, 38, 341 

I n hv diation of evp>um am! the fonnalion of CnSO,.2 3 Il.O, Sokiya, M . 

>, Ku t; S-U,,/.. | , 1 7). ||7 [( km:. Ji>ifr.. I9i-M. 20117! 

Ii> hvdintnm of i;vpsum in water ami phenomena associated with it. Bach- 
v.itov K . vV Pt-slavskii. N.. S-iAuitltrh , 1960, 11, 175 
l>e-.ulphuil-*ti«»n <>f itypsum. Win - lock. T. IX. />i»yj,\ Jhtr.. 1959, 19, 2304 
Di-teiniinaiion of CaSO t in )'vp>um and plaster hv means of ion -exchange 
jv>i;». 1 1 . K . lur. Mot,). C.uiftr. t. 1959, (52-B. lu7 
1 >rtei initiation of mineralogic.il transformations of gypsum by differential 
therm, I anah as. I junygrm, IV, j Jnict. ccuui:. >-v., 190(1, 43, yl). 227 
Determination of water in yypsiim by calcium carbide and indhylma^m sium 
iodide Kodikin. N V , A Shreiner, N M. I) mi. I.ctnnp. Ukhnol. Inst. 
to; I'lOM . I95C-, 13, D', I (<'W ,-l^fr., l9C.ll. 71H3) 

Dillermtial theimo-analytical investiiiations on gypsum and anhydrite. 

Widrnunn, J ., Zt inrut- h olf>- (rips. I9C»U, 13, 293 
| ;i[i-< t ( jf moisture content on the compressive strength of small cubes of some 
cast gypsum plasters. Russell, J. J., Zcmntt-I\alfi-(iips, I9t»ti, 13, (S). 31. > 



44 REPORTS OX THE PROGRESS OF APPLIED CHEMISTRY 

lifted of temperature on the expansion on setting of gypsum plaster. Sereda. 
1‘. J.. Saiun 1 , Loud., I%0. 187, 1*21* 

Effect of temperature on the rate of setting of gypsum plaster. Ridge, M. j., 
Suture. Loud., 19a», 184, 47 

Electron-microscope study of hardened gypsum. Tanaka, H.. & Murakami, K. 

Sekko to Sekkai, 1%0, (-14). 11 [Chan. Abstr., l%0. 1253d) 

Experimental burning to Estrich gypsum from raw materials from Nida Valley 
(Poland). Peukert, S.. & Wlassak, P. ? Cnuent-V.'apno-i tips, 11*51*. 15, ('-24), 
137 {Chan. Abstr., I960. *>*1W) 

Roam anhydrite and foam plaster of Paris, (.dirtier, R., StlikdlUrh., 11*1)0, 11, 
(7), 334 

Gypsum plaster wall panels. Isaacs. D. V ., Sydney, Commonw exp. Building 
Sta. of Australia. Spec. Rep. No. ‘20 

Heat-insulating material Gtpsotermin. Semenov, K., 7 >A«.-/:Avk. Kvull., Soirt. 
S ^rcd Kho:. Tatar, shot:. Admin. Hawna, PX)'*. (,»), a, {Chan. .ibAr., 11*00, 
I 8928) 

High-strength gypsum plaster and methods of application of gypsum fur 
construction Wlassak, P., Cement-M'apnoAlips, 1 L*oi*. 14, (23), Eh* i Chn<. 
AbAr., l :*♦;»♦>. i 02*>s) 

Hydration-rate studies of gypsum plasters; effects of small amounts t;f 
dissolved substances. Coughlin, J. B., Conway, K. C., Ko< hler, M. F . & 
Barry, D. F . Washington, L'.S. Hur. Mm., Hep. hurst., ll*3l*, Nu. 3477 
Improved method for the tie termination of the normal consistency of gypsum 
plasters. Kunt 2 c\ R. A.. Hull. A met. Soc. Test. Mat., Iiuio, r24d), 33 
Improving the quality of gypsum plaster forms. El’kinson, R. Z , (I 'la-- >- 
Ceram. , M osc.. l',**)U, 17, ,2*. 37 j Chan Abstr., 11*90, l**2*)'.*) 

Improving the resistivity of gypsum and materials made of gypsum against the 
action of water. Wlassak, P., Cement-\Yup*a»-Cip>, I 15, 24). 33 
I C'/j £in. Abstr., It'-)'.*, ldoM-l) 

Increasing the mechanical strength of gvp-um moulds. B'vlvnm , PI. ft 
Kavalerova, V. I . TmJ. S"‘- eA.cl'.atuya /’n 1 :*• i I'nr.nowl: t'np-a > eg" 
Pnnu'KiH i Hazluhn. Q-tra i. Prom., 11)37, p. 3*2 -.Chent Ab<(r.. l(**;n, 21702) 
Influence of sub-layers on the adherence of semi-hydrate gypsum Kmnarr.u hi, 
t. Cement- H’upno-Cips, 11*51*, 15, (24i. 2' ’2 ,( han. AbAt., I’Jiio, I **2*,'.*; 
Investigation of the speed of solution of natural gypsum in coiin>.cLiu:) witli 
construction. of pre-*ur«- installations on pla-Ui -red laver- Naumenko. 
V. G., Siomtk Sauch. Tnui v. Lem ngr., lmhener.’>!>>j:tS. Ik !., l!*3r\ 
•2*1. 1 i Chan. Abstr., 11*31), iNl.Wj 

Manufacture- of calcium sulphate li*-nuliydrat‘- bv tie- grin inn;- burning 
method. I-ahl, W.. ft Schwiete, H E , Xeuu nl-Kalk-(, p,, I'.G'J. 12, 313 
Measurement of the time of initial set of gypsum plasters. Waters, E H , A 
f j: w i - , K W , Cum A- l mi., 1 !•*’.*', p. I 130 
Mechanical properties and dimensional changes of some perlite plasters. 
ku.rseM. J. J., Jilakey, 1\ A., a Hill, K. if., < S.J.I {.()., AuAtuha, Dn 4 . 
liuildinf Res., l>>0, Tech. Phjht No. 

Mechani-m of the retarrlation of the set of gypsum pla>tei. Ridg* , M. | . A 
Surkevicus, H. t AuA. J, appl Set., I Mu, 11, 3*3 
Microscopic examination of set gypsum planter Ridge, M J , & Crook. D N., 
And. J appl. So... 11*39, 10, 497 

Microstructure of normal and high-strength gypsum GPand of products made 
of them. Pen den), I. A., Cement -Waptw-Cip^, 11*31*. 14, (23), 123 iChnn. 
Abstr., I MO, I02o*j 

Operation of electric precipitators in a gypsum plant Kakhanovich, T. M., ft 
Rybmkov, G. S., Sir oil. Mat., I1i31p, 5, {*>), 2* 

Pla.vterlmard units for interior walls. Mihail, X , & Andrus, S. t I ml. construct. 

■ t muter, construct* i, 195'j, 11, lh*3 

1'rodui'tion of ceramic gypsum from Polish raw materials. Wlassak. p., 
Cv.nenl’Wapno-Gips, 11*00, 15, [23), 21* {Chtni. Abstr., 11*00, 1 GT^-l) 



ROAD AND BUILDING MATERIALS 45 

Production of cn-ep-rcsistant hard gypsum plasters. Eipcltauer, E., Zement - 
Kalk-Gips, I ‘Mill, 13, 231* 

Production of high-smugth gypsum by pressure-cooking. Budnikov, P. P., & 
Kryzhanovskif, B. 11, Sbornik Trudov Ilesp. Nauch - / sslcdovate l . hi*t. 
Mestnykh. Stroitel. Materialov, 193#, (14), .‘1 {('hem. Abstr., Ibf/J, P.Kt 47) 
Reasons for the poor water resistance of gypsum articles. Butt, Yu. M., & 
Ayapov, IL, Vestn. Akad. Nauk Kazakh. USSR, UMI, 16, (2), 40 (Cheat. 
Abstr, 1%U. 14027) 

Selected annotated bibliography of gypsum and anhydrite in the United States 
and Puerto Uico, Withington, C. F., & Jaster, M. C., Washington, 
U.S.G.P.O., 1%0 {I’.S. geological 5 me., hull, 1 ] ijTi) 

Solubility measurements in the evaluation of plaster of Paris, Guha, S. K., R 
Sen. S., Hull. Glass & Ceram. AVi. hi4. [India), l'33'.l, 6, 33 
Solubility of plaster of Paris and its relation to the s-tting property, (iuha, 
S. lv, & Sen, S., Hull. Glass &ceraw. lies. Inst. (India), PJaO, 6, i»0 
Stronger gypsum plaster. Mitsuki, C., Nagoya Kogvo Gijutsu S hike mho Hokoku, 
1033, 2, (10), 22 (Ceramic Abstr., P.Hlo, Jan., 3) 

Study of the cflect of keratin and glue retarders on the properties of gypsum 
he mi hydrate. Krzhnninskii, S. A , Shorn ik, Trudov,, Re>p. Nauch,’ 
Uslcdovatel. Inst. Mestnykh. Stroitel. Materialov., 1030, (hi), 0(J (Chem 
Abstr.. 1000, 107s3) 

Study of the setting of plaster. Jorgensen, K. 1).. & Posner, A. S., J. dent. Res., 
1030, 38, 401 

Testing and evaluation of plaster of Paris, Sen. S., A Srikantan, G. M.. Dull, 
Glass ev ceram. Res Inst. (India), 1 03S, 5, M), M2 
Two-stage process for hydrating gypsum plaster. Topehicva, N . V., Strait. 

Matet., P.HiU, 6, (31, 33 (Chem. Abstr., I'.uio, 217ul) 

A' -ray investigations of the selling process of gypsum plaster with low-angle 
diffraction and Dobve-Srherrer method. Fiedler, H, Sthkaffechnik. 1 03>, 
9, 34<i 

Differential thermal analysis and thennogravimetric analysis studies on 
gypsum. Sen, S., Hull. Glass ceram. Res. fust. (India), 103}?, 5, (3), 03 


LIME AND LIME PRODUCTS (G. E. Bessey, M.Sc., F.R.I.C.) 

The Chalk Lime and Allied Industries Research Association, 
Welwyn, Herts, 


Lime 

I hk development of the lime kiln from early times to the present 
(lay has been reviewed by Azbe (/), with particular emphasis tin 
the current trends in gas-iired kilns in the United States, where the 
increasing use of natural gas has favoured the improvement of such 
kilns (2). Mixed-feed kilns have been more thoroughly investigated 
in Europe. Three papers by Eigen (3) continue the author’s in- 
tensive study of kiln parameters and reactions in the coke-tired 
vertical kiln. Practical problems in applying theoretical knowledge 
to actual kilns of this type have been discussed by Hoffman (4), 
and a set of nomograms for operating mixed-feed kilns under 
various working conditions has been developed (5). The rate of 
decarhonatation of calcium carbonate and the properties of the 
resulting quicklime have been studied as a function of shape and 
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size of the limestone lumps, and of the burning conditions (tf), 
including fluidised operation (7); similar studies were made for 
dolomite ( 8 ). For making sulphur- free lime it has been proposed (5V) 
to use basic coke, made by adding lime or calcium carbonate to tin* 
coal from which the coke is made, the sulphur being retained by the 
ash of such coke. The mechanism of the corrosion of kiln linings has 
been further studied ( 10 ). 

Methods for improving the quality of hydrated lime, particularly 
its plasticity, continue to be devised. Thus the temperature of 
hydration, which is probably the primary factor, may be varied 
automatically according to the particle size of the quicklime feed 
( 11 ) or, in making a lime putty, the proportion of water and quick- 
lime may be varied in accordance with the continuously deter- 
mined consistency of the product (/:?). A novel method of producing 
hvdrated lime has been patented ( 18 ), in which hydrated lime is 
produced from raw limestone in a single continuous plant when 
both burning and hydration are carried out in the fluidised state. 
The hydration of softly burned lime (DOO ) was the subject of a 
detailed study by Pleva (/■/), who showed that the lean putty 
usually obtained on hydration can be much improved bv pre- 
liminary partial hydration of the quicklime in a damp atmosphere, 
preferably followed by ball nulling of the fully hydrated product 
or treatment in an ‘activator’ (essentially a high-speed mixer). 
The effect of adding alcohol, formaldehyde, and surface -active 
substances during hydration can aho be beneficial, and an ex- 
planation for these e fleets i< offered, filasson (/«>), continuing his 
studies of the mechanism of the reaction of calcium oxide, lias 
measured the rates of hydration under various conditions. 

The possibility of using liydrator residues for making cement 
(76*; and, with addition of day. for lightweight concrete units ( 17 ), 
has been investigated. Heating quicklime with dav at the com- 
paratively low temperature of 450 -750 yields an arlitidal hydraulic 
lime ( 18 ). Minerals formed in lime day reactions and in the 
hydration of their products have been identified ( 10 ), 
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Sandlime bricks and other silicate products 

The hvdrothermal hardening reaction which takes place in the 
manufacture of these products has been further investigated (7) 
and tile nature of the hydrated silicate bonding material continues 
to be studied (~). Deiinite mineral compounds which have been 
identified include tobermorite, xonotlite and nckoite. 

Large perforated blocks are commonly used on the Continent, 
and some very large units, not always perforated, are being made 
in the r.S.S.K. (3). Aerated sandlime products, which have been 
known for some time, particularly in Scandinavia, are receiving 
more attention (-/). Lightweight-aggregate products have also been 
made (5). 
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ROAD MATERIALS (K. E. Clare, B.Sc., A.R.I.C.) 

Road Research Laboratory, Harmondsicorth, Middx. 

Soil stabilisation 

Particular attention has been devoted this year to matters of 
interest to chemists connected with roads in the Commonwealth. 
In the study of road foundations the character of the clav in the 
soil is being recognised as of importance. Since the tropical 
weathering of roi !:> is especially intense it is not surprising that the 
variety of clay types present in tropical soils is found to be wider 
than with soils in temperate climates. Grim (i) has reviewer! recent 
knowledge of the structure, composition and origin of day 
minerals, and the ways of identifying them. Lambe tV Martin (‘J) 
have compared the mineralogical composition and engineering 
properties of 33 soils, including some from the tropical belt. An 
investigation in Ghana of soil stabilisation with cement (♦>) has 
shown that the majority of 75 soils investigated can be stabilised 
satisfactorily by the addition of 3 7% of cement. Ghana is divided 
into three soil regions, each having a typical relation between 
uncon fined compressive strength and cement content which i> 
believed to be influenced by the composition of the soil, which in 
turn may be determined by vegetation rover. Lement-stabilisrd 
laterite gravel has been used in the construction of a largo new 
runway at Darwin airfield in Australia (■/), and the use of similar 
material in the Rhodesias has been described by Keeble (o). The 
successful use of hydrated lime for the stabilisation of soils in 
Northern Rhodesia has lx*en described by ( artmell & Kergh (6‘), 
while Campbell has described the use of the same stabiliser in 
Kenya (7). 

Among methods of soil stabilisation used in French overseas 
territories, Peltier (&) has described the use of bitumen and of 
amines or quaternary ammonium salts which make soil hydro- 
phobic. Slow-breaking bitumen emulsion has been used (U) for the 
stabilisation of crushed shell and sand in airfield runway con 
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struction in Senegal. Uppal (10) has described Indian experiments 
in which five types of bitumen binders were used to stabilise sandy 
loam soil. Additive contents of 4% gave satisfactory results. 
Kolyasev & Holodov (11) have described the waterproofing 
of soil by wood tar, naphtha soap and dimethyloxysilane. In India, 
cohesive soils were waterproofed in the laboratory by the addition 
of linseed oil cake (12). The surface of sand embankments can be 
stabilised by spraying with sodium silicate solution followed by a 
solution of calcium chloride (13). 

Weathering of road surfaces 

Some of the factors which influence the weathering of road 
pavements are more active in tropical than in temperate climates. 
Gallaway (14) lias related the durability to chemical composition 
and rheological properties for bitumens used in surface dressing at 
11 sites in Texas, where the dimate is similar to that in certain 
parts of Africa. In the Union of South Africa, a method has been 
developed for measuring the viscosity of very small samples of 
bituminous binders for studies of weathering on the road (16). 
Kleinschmidt <Sr Snake (16) have studied in the laboratory the 
effect of light and water on the degradation of bitumen. Tingle A' 
Wright (77) have examined the important effect of oxidation in the 
weathering of road tar incorporated in open-textured surfacing*. 

The National Institute for Road Research in South Africa (/&) 
report a full-scale experiment designed to compare the performance 
of various types and quantities of bitumen in pro-mixed bituminous 
carpets. Tentative recommendations for the specification of premix 
composition are made, based on the results obtained. Bryan (10) 
has advocated the use of sand-bitumen surfacing for a main road 
in British Guiana. Dead reef oyster shell, found in the coastal area 
of the Gulf of Mexico, may be used as an aggregate in hot- and 
cold-mix bituminous surfacing* (20). Malik (2/) has described 
research into the use of shell-rock found in Southern U.S.S.R. in 
bituminous road construction. Dickinson (22), reporting experi- 
mental work in South Africa, notes that the addition of 3% or 
more of rubber to the bitumen improves the resistance to reflection 
cracking of the slurry seals that are now finding increasing use for 
the maintenance of cracked bituminous surfacing*. 

Use of concrete 

1 he chief use for concrete on highways in the tropics is in bridge 
<‘i instruction. Many of the gravel aggregates available are porous. 
An investigation has been made on the effect of water absorption 
by aggregates on the watcr/ccment ratio of concrete (23). Klieger 
(24) has studied the effect of the temperature during mixing and 
curing on the strength of concrete made with Portland cement. 
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Newman has experimented with mixes containing a high alumina 
cement (£5) and his results enable an estimate to be made of the 
eventual strengths of concrete cured for long periods under hot anil 
moist conditions. High humidities in some parts of the tropics can 
lead to deterioration of cement in storage. Stoll (£C) has described 
laboratory tests showing the greater resistance to moisture during 
storage of ‘hydrophobic' cement containing small amounts of oleic 
acid. 

Use of resins and plastics 

The uses of adhesives with an epoxy resin base for repair of 
footways, gutters and carriageway surfacing*, the bonding of 
extruded concrete kerbs to the road surface, and the provision of 
traffic markings have been reviewed (w). Other uses include the 
anchoring of runway pavement dowels and the repair of spalled 
pier-caps on a concrete bridge {'Js). Vinyl and polyethylene hints 
have been investigated as means of protecting road foundations 
from changes in moisture content A lahnratorv test f»»r the 
resistance of the films to puncture i- described; the vinyl him was 
found to be better than that of polyethylene. 

Herbicides 

Chemicals used for the control of vegetation at roadsides include 
sodium chlorate, selective weed killers of tip- 1-diHilorophenoxy- 
acetic acid type and grass growth inhibitor- like maleic hvdruzide 
(30). The technical and eomomi* aspect* of chemical roadside 
verge maintenance in the United Kingdom have been reviewed (31). 
A recent development has U-rn th»- introdii' tioii of ‘J-chloro- 
1 .6-bisethylamino-s-triazine a* a cnmp.irativi-lv non--elr< live her- 
bicide (3'dj. Duthie (33) ha* -ummari-rd the papers and dri* u*-ion 
of the First Kast-African H« rbicide Conference, and the Colonial 
Pesticides Research Unit h;t- li-ted the proprjetarv herbicides 
available in East Africa (34). 
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GLASS 

By A. H. BEDFORD, M.A., A. Inst. P. 

{Chance Brothers Ltd., Smethwick, Birmingham) 

Over the period under review steady progress lias continued in 
most fields of glass technology', and it is difficult to give a complete 
picture of all the progress that has been made. A selection of the 
main items has therefore been made, leaving other fields to be 
covered by the references in the supplementary bibliography. 

A number of punts of general interest should first be mentioned. 
The Fifth International Congress on Cdass was held at Munich in 
June- July 11*59. The new research laboratories for Pilkingtnn 
Brothers at Fathom Park, near Ormskirk. are now nearing com- 
pletion and when in full operation are expected to be the largest 
glass research laboratories in the world After a life of 4 *> years, the 
Journal of the Society "/Class Tcchn^buy ceased publication a t the 
end of 195‘J and was replaced by tv-* separate publications, 
!a) Physic s and ('hemidrv of Classes, dealing with the more 
theoretical aspects >.f tie* vitn*>U' >t.tt-\ and \h\ <tlass Tcchnoh^y , 
which will concern itself more with the applied and technical side 
of glass making. It K Imped that by this it will be possible to publish 
more paper.' of a ^pecialhed nature than in the former single 
journal. 

Glass compositions 

In the main held'* of gki" manufacture, tin majority of glass 
compositions u«ed remain virtually un< ‘hanged tor decades, but for 
special applications, glasses with abnormal properties mav be 
required, and investigation' into glass-forming systems an* there- 
fore continuously in progress. For example, King and lib associates 
(1, 2) have investigated the infra-red transmitting properties of 
antimony oxide glares/] hi 'V-tem I< 2 0 Al 2 O s Sb 2 0 3 transmitted 
wavelengths up to *i-2 /<., while some glasses in the system K./) 
Sb 2 0 3 -Sb 2 S 1 transmitted up to about * (i. 

Glasses of high refractive index and dispersion have been pr<> 
duced with the Na 2 0 Ti0 2 Si0 2 system {■'{), while the search fur 
heat-resisting glasses prompted the investigation of the zinc 
borosilicate system (■/). Extra-dense glasses as protection against 
atomic radiation are usually produced from lead silic ate glasses, but 
recent work on the Bi 2 0, PbO Si0 2 system has yielded gl ass with 
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densities of nearly 8 g./cm. 3 («5). A series of four papers (6j deals 
extensively with binary phosphate systems; density, surface 
tension and infra-red spectral measurements are made and the 
results are discussed theoretically. 

Recent work at the Bell Telephone Laboratories (7) has produced 
some glasses with low melting point which are highly fluid below 
400°. These glasses belong to the ternary systems As-S-Tl, 
As-Se-Tl and As-S-Se. Because of their low melting points, they 
have obvious applications in the hermetically sealing of electronic 
and other devices, by a simple dipping process. The use of iodine 
and bromine in place of thallium lias resulted in the production of 
glasses fluid at room temperatures (6'). 

Glass melting 

The Symposium on Glass Melting (Brussels 1058) ( 9 ) produced 
a considerable number of papers dealing with the physical and 
chemical aspects of the melting process. 

The effect of the grain sizes of raw materials on the rate of 
melting and refining had been the subject of much investigation 
(Cable; Jaupain \ Briehard, 9). The conclusions suggest that a 
quicker melting rate can, in general, be achieved by the use of 
finely ground materials, but this gain can easily be nullified by the 
longer refining time required. The effects of briquetting and 
moistening the batch were also shown to reduce melting time 
(Kloy, Jaupain A Plumat U\ see also 10). 

The use of special materials to assist in the melting and refining 
of glass is normal glass-melting practice but the mechanisms by 
which these operate are still not fully understood. The use of 
arsenic oxide and sodium peroxide is described by Cable (9) and a 
number of papers (9, 11) are devoted to the use of sulphate. The 
results of such investigations are those of Bank [12) on the thermo- 
dynamics of arsenic in glass are obviously of prime importance in 
deciding the actions of refining agents. 

Differential thermal analysis as a tool for the study of batch 
reactions was described in three papers at the Symposium (9). 
On more theoretical lines the glass melting process is discussed in 
relation to glass structure (IS). 

Furnaces and refractories 

One important aspect of furnace design is the reduction of heat 
losses to a minimum. A complete study of the losses from a furnace 
shows that there arc many avenues which could leatl to improved 
efficiency, and this type of study has been pursued by Bosnjaknovic 
(14), and Huhmann-Kotz (16) using an ‘exergy’ as opposed to an 
energy balance. The ‘exergy 1 is a quantity signifying ‘work 
availability' and is related in a simple way to enthalpy, entropy 
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and temperature. I'he use of this quantity has certain advantages 
in that it stresses (i) the large change in entropy which occurs on 
combustion, and (ii) the small use that can be made of large 
amounts of energy at low temperatures. 

Energy losses from the furnace structure can be dealt with most 
obviously by the use of insulating material. The main objection to 
this is the possible increase in temperature and hence corrosion ol 
the hot face of the refractory blocks in contact with the glass. 
Krusztwski {10) describes trials, however, in which electrocast 
sidewall blocks were insulated without any apparent increase in 
wear. This appears to be con tinned bv experiments on air cooling 
of tank blocks [It), which show that this has little influence on the 
glass refractory interface temperature while the blocks are of a 
reasonable thickness. 

Heat recovery by means of recuperators and regenerators bring." 
many problems and there i< now a considerable preference lor the 
use of basic refractories for regenerator packing material. Basic 
brinks of the magnesia type have a high thermal conductivity and 
bulk density and might be expected to hi* more efficient than 
fireclay, but as the thermal dinudvities are very similar, the only 
thermal advantage of the former seems t<> lie in its greater heat 
storage capacity i/'V. Another advantage of a hash’ material is it' 
resistance to alkalis and le:*»l oxide, but it is readily attacked bv 
boron compounds. 

The studv of the attack of r<- fraclorit > bv gla>s is constantly 
being pursued, and f ord (1U i discu>ses how phase equilibrium 
diagram" can yield information on the r« nation of acid refractories. 
Electrocast refractories arc le>s uniform in texture than normal 
fireclay material and the etfei t of this on the rate of corrosion lus 
been studied 120). There i> a definite correlation between crystal 
size and rate of solution, the glassy pha^e being attacked more 
readily than the crystal'. Busby [21} has studied the atta« k of 
batch material' '»t- !i a< pota'sium carbonate, sodium sulphate and 
lead oxide on 'UpT'tnn ture and reg<-mrator refr.ictorie-. and 
shows that the iritiii'Tne of porosity is important. 

Wetting of platinum 

Because of it- ability to withst \ ! long period" of exposure to 

molten glass without any prorefti-.e coating, platinum (and iis 
alloys) finds considerable use as a refractory material, and a 
number of papers are rlevoted to the investigation of the wetting 
of platinum by molten gla^s. in the use of platinum as a crucible 
material, or as a budiing for tin* production of continuous filament 
fibre-glass, it is advantageous for the glass not to wet tin* metal. 
The last of a number of papers by Bask et al. {22), deals with the 
wettability of gold and platinum by sodium disilicatc. The contact 



jingle for platinum was found to be very sensitive to atmospheric 
conditions; at 1000° the angle was 60° in vacuo or in helium, 
decreasing to *13' in hydrogen, while in air or oxygen complete 
wetting occurred. Dictzel & Coenen (23) have established a 
relationship between the wettability of Pt-Kli, Ft-Au and Pt-Be 
alloys and the reversibility of their electrochemical properties. The 
diffusion of oxygen atoms from the glass in tin* metal is believed 
to he the cause. Some Russian work (24) in connexion with glas* 
tibre bushings showed that more easily oxidised metals or alloys 
are more easilv wetted. 


Flow of glass in tank furnaces 

A knowledge of the How of gla>s in tank furnaces is of great 
importance both to the furnace designer and to the glassmaker. 
The investigation of currents and flows in an actual furnace 
presents some difficulty. The usual procedure is to add some easily 
detectable material to the batch and measure its concentration in 
the glass leaving the tank. Lohoiicq (23) used cerium oxide, which 
can he detected by its effect on the ultra-violet transmission of the 
glass at a wavelength of 3’J'i Radioactive isotopes were used by 
Moody X Monk (2ti J, but there were difficulties of shielding and 
handling. These wore overcome l>v Barker (-/). who added small 
amounts of tantalum peiitoxide to the hatch, and the concentration 
of this in the final glass was detected by irradiating the samples 
and measuring the induced radioactivity ol the tantalum. These 
methods give little indication of actual currents in the furnaces, and 
are used mainly to determine How rales. 

The currents are studied by the use of models at room tempera- 
tures. Dimensional analysis must he used to establish the similarity 
criteria, and it has been shown (-AS) that full dynamic similarity is 
theoretically unattainable. However, by making certain simplifying 
assumptions it is possible to arrive .it criteria which can be achieved 
in practice (20-3!). A number of papers (2U, 32-34) describe 
experimental work with models, which can represent either the 
whole furnace or only a part of particular interest such as the model 
of the bridge-wall and throat described In* Xaruse (oAA. 

In a theoretical paper Michaels (*>•>) concludes that a tank 
furnace is not an efficient mixing device and cannot make good the 
results of had batch mixing. He gives a general theory of tracer 
experiments and ail extensive bibliography. Cooper also dis- 
cusses the subject theoretically and compares the theoretical 
results with those obtained in practice. 

Chemical analysis 

A symposium on rapid methods of analysis was held by the 
Society of Glass Technology in November 11)38, and the papers 
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given are fully reported (37). The methods discussed include the 
use of EDTA. which terms stable complex compounds with almost 
all metals. Three papers were devoted to the uses of the tlame 
photometer, which is becoming increasingly popular for the deter- 
mination of sodium, potassium and lithium in glass. 

Spectrograph ic methods also have the advantage of speed and 
it is claimed (3$) that an automatic recording spectrograph can 
carry out an analysis in under 5 min., which is considerably shorter 
than the 30 min. required for the preparation of the specimen. It is 
usual to determine the alkalis (by the tlame photometer) and silica 
separately, so that a complete analysis without the silica can be 
performed in about 3 h. 

Pyrohydrolysis techniques for the separation of fluorides have 
been known for some time, arid these are now being applied to tin 
analysis of fluorine in glass (30). Superheated steam is passed over 
the sample mixed with a catalyst (l\O t ) and the distillate titrated 
for fluoride. A similar technique is also being used for the deter- 
mination of boric oxide in glass (40). 

The analysis of boron by neutron absorption activate »n has again 
been mentioned (41) and an accuracy of about I 4 ’,, is claimed. The 
method is rapid, taking about In min., but a large >amplt is 
necessarv. 


Defects in glasses 

The identification of the various ><»]id inelu>i«m> likely to .»•« ur 
in glass is often a dilhrult problem, de Man hi iY Kwnagnoli ( !'J) 
discuss the processes which can give rise to st<»ne and gall. 1 ’ar- 
ticular attention is paid to siliceous and aluminous inclusions, and 
very fine, useful photographs an given. Inclusions originating 
from zirennia refractories have been invest igated bv (eUcn- 
Marwedtl (43). 

Glassy inhomogeneitics or cords are the subject of a number of 
papers at the l'Jtli Conference on Glass Problems (•//}. Gehring A; 
l rant el discuss tlie types. causes and identification of cords, while 
other authors c oncentrate more on their control and elimination 
by such means as mechanical and electro-thermal stirring. Agita- 
tion by bubbling is cheap to instal and very effective. Ltiffler (43) 
has devised a method for distinguishing IjcLwcch batch and 
refractory cord based on the sudden composition changes which 
usually occur when refractory cords are present. Fluorescence 
under ultra-violet light can be Used to identify some surface cords, 
especially those containing zinonia (40). 

The commonest and most obvious defect in glass i> the occur 
remc of bubbles, and the problem of gases in glass both as bubbles 
and in solution is constantly being studied, Greene and bis asso- 
ciates (47, 4H) have studied the rate of absorption of oxygen bubbles 
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in glass, and have found the diameter to decrease linearly with the 
square root of the time. Methods for the sampling and analysis of 
hubbies are mentioned (49, 50). A condensed translation of a 
Russian book bv V. T. Slaviyanski in ‘Gases in Glass’ (-52) discusses 
the interaction between gases and glass, the formation and analysis 
of blisters and the extraction and analysis of absorbed gases, the 
extracted gases can be analysed by first cooling in liquid oxvgen, 
which will condense a number of gases (52). The presence and 
quantity of these gases can then be measured by investigating the 
vapour pressure as the temperature of the condensate rises. 

Miscellaneous 

A modified process is now being used to make glass fibres. It is 
the 'Crown’ process in which the glass from the tank runs into 
revolving spinners and is flung out through the tine holes which 
they contain. The product obtained is said to be of a more uniform 
and line consistency and gives more efficient insulation. 

An unusual use for glass which is receiving some attention is its 
use as a source of supply of trace elements in plant nutrition (53). 
I he glass is used in a finely powdered form and can be used to 
supply Cu, he, Mn. B, Mo and Mil. Tests on orange seedlings 
showed that an initial application of 125 lb. /acre was adequate to 
maintain growth for at least JO months. 

Since the discovery of methods of production of ceramic 
materials from glass (such as Pymceram), discussed in the 
Report for 1958, more details of the properties of those materials 
have become available (54). Glass-ceramics are approximately 40° o 
harder than borosilicate glass as measured by indentation tests, 
but they can be ground by normal methods while in their glassy 
state and precision grinding can be carried out in the crystalline 
state. Although the properties vary somewhat from type" to type 
tlie softening point is about 1250 with a modulus of rupture of 
amund 20,0(10 p.s.i. Lillie (->-5) gives a historical summary of the 
work of Stookey and others in developing photosensitive glasses 
and glass-ceramics. Stookey ’s paper (56) discusses the principles 
»>f nurleation and crystallisation in glasses and goes on to give brief 
descriptions of the process of making glass-ceramics with specific 
examples. 
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CERAMICS AND REFRACTORIES 


By L. R. BARRETT, M.A., B.Sc., M.S. 

{hnht-rial f '7/c^i . S->ufI: I\cu>h:J >r, , >. II ./! 

General trends 

Research and development in ceramics continues to favour well 
defined, chemically pure systems to which fundamental concepts 
can be applied. In consequence it is less and less necessary to marry 
research programmes to particular divisions of the ceramic 
industries. 

The increasing possibility of applying new knowledge of the 
solid state, particularlv in its structural aspects, and of cijeinical 
kinetics to unresolved problems in refractories and <eramic tech- 
nolugv has been indicated bv Green </ i. The ceramic terlm-T^M 
can onlv understand industrial processes bv appreciating the 
inherent characteristics of the materials processed. which, being 
solids, are largely those of defects lattices i<ee later*. The most 
important process is that of sintering ■ m J). 

[he prefare and content of the latest work from Kingcrv 10 ! 
makes the same point. The bash <>f the bo<-k « an be expressed in 
the idea that • erami< - are belter considered ;is a das s >>/ materials 
than the product of a special industry/ I !<• got-s on to plead that 
even tlti> is but a temporary view. A m ience of materials in general, 
including metah. plastics, ■ eramics. et*\. must first lie studied, 
with specialisation in rerami* - to follow. If this is true, then new 
entrants and the outlook of industrialists must inatr h. loiriblv pul 
hv one of the latter (*/). In Itt.VJ the Radr Sciemr Group became 
the fourth full Ser tion of the British Ceraniir Society. 

A feature of the last two years has been the output of book- 
concerned with ceramics (■)}. As this includes a knowledge ot lie- 
solid state another active held it is a matter of personal 
judgment where to draw the line [0). I lu re have also been books 
concerned with high-temperature materials and techniques (/), 
refractories (4), clays (ft) and a commemorative volume (10). A 
new annual review has appeared {//) and aho a work on ferrites 
(«>. 

As measured by papers and patents, the largest volume uf 
research and development has been in the fields of special ceramics 
and ceramic-metal combination In this context ceramics are 
often non-oxide bodies, such f.ulmks ami nitiide*.. Whereas 
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formerly ceramic- metal combinations generally implied sintered 
mixtures of finely powdered ceramic and metal, it now has to 
cover other types of geometry. These include metal grids filled 
with ceramic, for nose-cones (7c), metallised ceramics and flame- 
sprayed metals or even the latest type of steel-furnace roof brick — 
the ‘double E* brick — which is subdivided inside by sheets of metal 
to separate the magnesite-chrome refractory into columns to 
confer greater resistance to wear. 

Cermets 

Cermets are making slow progress in application. The Haynes 
Stellite Co. of L’.S.A. noted for titanium carbide cermets -offer 
parts up to 12 in. long. Tubes can be threaded for jointing, while 
Mucks, tiles and other shapes are available (2-3). Some applications 
1u chemical industry in the U.S.S.R. have been described (14). 
Larger and more complex shapes can be made in principle bv 
flame-spraying on to expendable formers (7r). Uses under reducing 
conditions include submerged liquid-metal pumps for sodium 
potassium alloys for use up to lU5<j\ This suggests that assessment 
in terms of oxidation resistance is not necessarily valid. 

The interaction between graphite and a number of metals at 
about llHXV has shown copper to be least reactive (7-5), A novel 
method M making cermets is bv the thermite reaction (16). 
Silicates such as zircon form silicides (ZrSi 2 ) and borates form 
borides, e.g. TiB 2 from TiO* and ]$*0 3 . The method ensures high 
temperatures and no special atmosphere is necessary, but it is 
lacking in control, whilst the properties of the materials are 
inferior to regular cermets made by powder metallurgy methods. 

Clays and ceramic bodies 

Brindley <!v XakahiraV brief note in 1958 on mullite has been 
expanded into an important contribution to our knowledge of 
the action of heat on clays (77). Some rarely available single 
crystals of kaolinite, 01 mm. in size, made it possible to study 
t he orientation of the reaction products with respect to the kaolinite 
crystal axes. The observation of fomeforo d a /. (18) that mullite 
needles formed parallel to the hexagon edges of kaolinite was 
« "iiiirmed. The erstwhile y-alumina has been recognised as a 
spinel containing both aluminium and silicon atoms with many 
vacant sites. Mullite forms from the spinel phase. A structure for 
l he amorphous ‘metakaolin' first formed by the loss of the 
elements of water has been proposed. It is emphasised tliroughout 
the work that there are small and progressive changes of structure 
as heating proceeds. The atoms, as it were, are 'lazy' and inclined 
to move no more than is necessary to achieve reasonable stability. 
Ibis is an example of 'tnpotaxy'. a word used bv Lotgering. This 
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view seems to be accepted on different evidence by Budnikov & 
Mchedlov-Petrozyan {W), who show that sillimanite (Al 2 0 3l Si() fi ) 
and mullite t3Al 2 0 s ,2Si0 2 ) are about equally likely to be formed 
from clay on thermodynamic grounds (within the limitations of 
the thermal data), but kinetic considerations are paramount. 

From Brindley's laboratory also conus quantitative .Y-ray work 
on simulated pottery bodies, made up from kaolinite, mica and 
quartz in several proportions (:V/), and tired for J h. at K100'. In 
general the crystalline phases correspond in amount with expecta- 
tion on the basis of the K.>0 Ah,0 3 SiO., phase diagram, par- 
ticularly as regards the mullite, but cristobalite tends to be 
underestimated, perhaps because of the distortion in the lattice 
found by Florkc. At 1KMV and I’J'Nb equilibrium is not reaehed 
in 2 h. 

1 he kinetics of the class-making process in which sodium and 
calcium ions enter the silicate network has been discussed In 
McKinnis Ot Sutton fd/), mainlv <>n the ba<i< < f the quantitative 
A -ray work of Abmi-Fl-Azm M"ore [‘ll). Thev give reasons f<-r 
>upp -sing that when melting occurs at im more than Bio *JaO 
above the liquidu* temperature, a silica structurr cliura* t<*ri-t i< of 
the primary crystalline pha-e persists in the glass. At higher 
temperature- a degradation and reorganisation of the silicate 
stpjcture occurs. There is a po— ibilitv therefore of reconciling the 
Warren random-network theory of gins- structure and the micro 
crystallite theory, favoured in Russia and ebowhere. 

Rate processes in solids 

When dissimilar solid* are brought in contact reaction is liable 
to oc- u r j, riicularlv if tla* temperature i- not too far below tin- 
melting pi at of each. Example- <>f this occur in furnaces wlicie 
magnesia react > with silica or tins lav at about 15 ixj to form melt. 
This can be explained in terms of the formation of a lower-melting 
eutectic, whb h flows away to permit further reaction. A mure 
intim ate analysis can be made of tliU type of reaction along the 
lines referred to above \2l i. It i> seen to be one case of dillw>iori 
where the product is liquid. 

When the product is <olid, an intermediate laver will form; thus, 
when magne-ia react - with -ilia a, foratr-rite {Mg 2 Si(>,) i- formed at. 
say, 1000 . The proportion- of (he solids in coiita< t are less im- 
portant than the cry-tal geometry and hpeed of diffusion of I In- 
participating ion-. It had been shown by Kirkendall (L'T) that zinc 
diffuses out of bra-s more rapidly than copper ditluses in. In 
further experiment- <: U) inert markers at the interfaces of the 
copper - brass -<opper sandwich moved towards each other at a 
rate proportional to the square root of the time, indicating that 
the marker movements were closely related to the dilhoiou process 
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itself. (For simple random-walk diffusion, the mean square dis- 
placement of the particles is given by x l -= Wt, so x is proportional 
to 

To explain these results the idea that atoms reside at all the 
lattice points is given up in favour of an imperfect lattice, that is, 
one in which a few atoms are missing or displaced. The number of 
vacant lattice sites is a function of the energy needed to produce 
the vacancy and the temperature; the higher the temperature the 
greater the proportion of vacancies. Atoms diffuse by jumping 
from one vacant site to another: in the process the vacancies move 
the other way. 

Tn the experiments with brass referred to above, the markers are 
assumed to remain Jixed with respect to the lattice. Barnes (25) 
repeated these experiments and showed that there was an overall 
volume increase of the compact, seen to be associated with voids. 
The density decreased at a rate proportional to the square root of 
the time of heat treatment. In this Report for 1056 reference was 
made to Kigby [20), who drew an analogy between the behaviour 
of the zinc -copper couple and the phenomenon of bursting of 
chrome-magnesite bricks in the roofs of steel furnaces, where the 
atmosphere is rich in iron oxide. He showed experimentally that 
the magnetite diffused faster than ferrous chromite. It is generally 
assumed that the voids originated from the discharge of vacancies 
at grain boundaries, but for a complete discussion it would be 
necessary to consider the movement of dislocations. 

In ionic solids the removal of an ion leaves a charge of opposite 
sign in the vicinity which must he balanced by the removal of an 
ion of opposite sign to the first to preserve electrical neutrality 
(Schottky defect). The number of Sclmttky defects in an ionic solid 
can be increased much above the normal equilibrium proportion 
by substitution, e.g. fa 2 * for 2Na + giving one vacancy for every 
substitution. Again, when alumina dissolves in magnesium alu- 
minate {MgAl 2 () 4 ), it can be looked upon as a case of replacing 
’IMg 2 ; by 2 AF ; . giving one vacancy per substitution. If this 
continues to the limit, the end product is y-alumina with one-ninth 
of the sites vacant. Another example is wiistite, which can be 
regarded as a solid solution of Fe 2 0 3 in FeO, where two Fe 3 ~ and 
a vacancy replaces three l'c 2 ; ions. An element forming two oxides 
often forms non-stoicheiometrir compounds, whereas there is less 
tendency where only one oxide is commonly known, as in A1 2 0 3 . 
CaO, MgO, etc. 

For some time there was doubt as to whether a hydrogen 
atmosphere influenced the sintering of alumina. It has now been 
shown that between 1500° and 2000° alumina sinters faster in dry 
hydrogen than in oxygen, helium or wet hydrogen (Sr'). The 
apparent energy of activation of the process is very high at 230 
and 135 keal. per mole for dry hydrogen and the other gases 
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respectively. It is thought that these may correspond to control 
bv diffusion of oxygen ions in the first case and aluminium ions in 
the second (2S ) . Coble found 165 kcal. per mole for sintering of 
alumina in oxygen in fair agreement (29). Similar very high values 
are being reported but the diffusing species cannot be identified 
with certain tv. 

The mode of preparation of the powder prior to sintering is 
important. Van der \Yaals' forces may help to form an initial bond 
between glass particles (-30b Reryllia calcined at 1250 gave lower 
fully sintered density than when pre-ealcined at I.'iiHi to l ion (37). 
Quirk has discussed the impact of temperature of calcination on 
final density of beryllia and, incidentally, found an apparent energy 
of activation of 249 kcal. per mole for sintering (32). 

The role of impurities is known to be important, but is not yet 
lully understood. Accidental impurities in the furnace atmosphere 
may produce a film of flux and give a viscous flow mechanism 
where a bulk diffusion process would be expected (2<S'). Accidental 
impurities in the starting materials mav have accounted lor 
varying rates of sintering of zinc oxide Deliberate addition*, 
must only be made to very pure starting materials if meaningful 
results are wanted. In one case (34) onlv ( r •»()«, amongst many 
additions lowered the rate of sintering, apparentlv from the forma- 
tion of spinel with the primary magnesia. 

Current views on sintering mechanisms have been rather fullv 
exposed during the past two years at the Endicott H><u*e, Massa- 
chusetts symposium for), in London 1 30) and at Amsterdam m 
I960 fto be published:. One of the most interesting new aspects 
f"T chemists is the realisation of the role of ga* atmosphere. When* 
there is an element in common, this will exchange at a measurable 
rate. Several lines of work in tins field reinforce thi* conclusion, but 
direct evidence from oxvgen-IS tracer work on r al< ium zircon. tit 
is available in the work of Kingerv <33). 


References 

■*/: f.ro-n. A, I , ttf’tibt. -7;. :}♦<., 

,m Ji Roberts. A. J. , 7 tan Hi t. < rram. Sor. , 1 * »< a j . 59, 5o., 

l-Jj 'Introduction to CVrainii Y, King'-ry, W, h , lpe.u New. York: |olm Wilrvi 

(/) Copland, K. S < Tran :. H*:t. Crmns. S>» .. loi’.o. 59, I'.M* 

( f i) fas At refer**ni r* I{; to* ‘I’hyd'.n-* heniical Me;mur<nwnts at ffieh I •• m | »»-r .i 
turf*’. *■»!. Iiy Jiorkris, J.O'M., Whin*. ) f,.. a: Mackenzie, [ )> , 1‘X.o 
, Condon: Hutterworth;; fo ’Kinetics of High TrnijxTatun* I’nwrsvs 
<-d. by Kingery, W. l>., d/mrlon: Chapman it Haiti; f r/j 'Chrm- 
otryand I'hydcs of Clays and other Ceramic Materials'. St-ai lc, A It , 
& Grimshavv, K. W. r 1 XYl fl/indon: IVnni 
(6) (a) ’RIcment.s of Materials Science', van Mack, I, II., lU.V.t (l-nndon; 
Addison -Wesley); (b) 'Introduction to Solids', Azaroff, I., \\, I%o 
fl/mdon: McGraw-Hill) 

if) faj ’Hu(h Temperature Materials', ed by Hehemann, U. I .. (Sc Ault, G M., 
Ib.Y* (London: Chapman A: Hall); 'Property Measurements at 



CERAMICS AND REFRACTORIES 


07 


High Temperature 1 , Kingery, W. D., 1959 (New York: Wiley), 
(c) ‘High Temperature Technology', various authors (Conference at 
Asilomar, California), 10(30 (London: McGraw Hill); (d) ‘Special 
Ceramics’, ed. by Popper, P., 19(10 (London: Hey wood) 

(8) (a) ‘Manufacture, Properties and Uses of Refractory Materials' (in 
German), Harders, F., & Kienov, S., 1900 (Berlin: Springer); 
(A) ‘Silicon Carbide: a High Temperature Semi-conductor’, ed. by 
O’Connor, J. K., & Smithers, J., 1900 (London: Pergamon) 

(0) ‘Clays and Clay Minerals’, various authors, 1900 (London: Pergarnrm) 

(10) ‘The A.T. Green Jiook 1 , various authors, 1959 (Stoke-on-Trent: Brit. 

Ceram, Res, Assoc.) 

(11) ‘Progress in Ceramic Science’, Yol. I, ed. by Burke, J. IF, 1900 (New York: 

Pergamon) 

(72) ‘Ferrites’, Smit, J., & Wjjn, If. J J . J., 1959 (New York: Wiley) 

(7-5) Schifferli, L. M., C e ramie Age. 1959, 73, (1), 28 
(14) Samsonov, G. \\, & Plot kin, S. 5 'a., Khun. Prom., 1958, (2), li»0 
{}■)) Gerds, A. IF, & Mallelt, M. W., Trans. Amer. Sor. Metals, 1900, 52, 1027 
(10) Walton, J. J>., & i’oulos, N. H., J. Amer. cerain. Sor., 1959, 42, 10 
(17) Brindlev, G. W., & Nakahira, M., /. Amer. reram. Sor., 1959, 42, 311, 311, 
319 

( /.S') Comefero, J. IF, Fischer, R. IF, A* Brarllev, W. IF, J. Amer. ceram. Sor., 
HU*, 31, 251 

(lb) Btulnikov, l\ 1*., & Mehedlov-Petrozyan, O. P., Trans, llrit. Ceram. Sor., 
1 900, 59, 179 

(‘pi) Brindley, G. W., & t’dadawa, S., /. Amer. ceram. Soc., 190H, 43, 59; 

Brindley, G. W., A Maroney, J). M., ibid., p. 51 1 
(27) MclCinnis, ('. J,., & Sutton, J. W,, /. Amer. ceram. Soc., 1959, 42, 19-1, 25ii 

(22) Alnm-EI-Azin, A., A Moore. It., /. Soc. Cla<s Tech., 1 953, 37, 129, 155, 

108, 182, 1 1**» 

123) Kirkendall, E. i) , Trans. A.I.M.i:., 1912, 147, 10 1 

(2-/) Smigelskns, A. IF, A Kirkendall, F. IF, Trans. A.I.M.E., 1 1*17, 171, 130 

(2.3) Barnes, R. S., Proc. fihys. Soc., 1952, 65, 512 

(23) Rigby, G. K., Trans, first. Ceram. Sot., 1950, 55, 22 

(27) Kuczynski, G. C., Ahcrnethy, L., A* Allan, J., Plan see Proc., 1U. IV, 1959, 
p. 1 (London: Pergamon) 

(2$) Kuczynski. G. C., Al>crnethy, L., & Allan, J., as reference 5c, p. log 
(29) Col>le, K. L., as reference 5c. p. 195 

(3(1) Bullougli, K., A’ Jones, 1'. O., Powder Metallurgy, 1959. (3), so 
(57) I.ivoy, J). T. f A Murray, 1’., Mature, Land., I95S, 182, 1302 

(32) Quirk, f. IF, /. Amer. errant. Soc., 1959, 42, 178 

\33) Roberts, J. l\, Hutchings, J., & Wheeler, C„ Trans, llrit. Cera, a. Sor.. 
1951., 55, 78 

(34) Luydcn, G. J\F, A McQuauie, M. C. P /. Amer. reram. Soc., 1959, 42, s9 

(33) Kingery, W. J)., /. Amer. cream. Soc., 1959, 42, 393 

Supplementary Bibliography 

Clays 

Density of water absorbed on Wyoming bentonite. Anderson, D. M., Thesis, 
Purdue Fmv., 1958 ( l)i ri. A bstr.. 1958, 18, 1929) 

Radiochemical determination of the cation-exchange capacity of clav minerals. 
Boehm, H.-P., & I-ieser, K. H., 7. annrg. Cheat., 190.0, 304, 27 

Ceramic bodies 

Translucency and microstructurc of commercial jwrcelain and china. Noda, T., 
Inada, H., & Fakasawa, T., Yogurt Kvakat Shi, 1958, 66, 91 (llrit. Ceram. 
A bstr. , 1959, 68, 21 A) 

Size change of porous bodies caused by water and soluble salts. Norris, A. W. , 
Vaughan, IF, Harrison, R„ & Seabridge, K. C. J., Trans. 0th Int. Ceram. 
Cottgr. (Wiesbaden), 1958, p. 63 



KK PORTS ON THE PROGRESS Of APPLIED CHEMISTRY 


liS 

Thermal expansion of heterogeneous ceramic bodies. Chvatul. Th., & Schnittler, 
l : r.. Tram, tilh hit. C 'eravi. Couft. \ Wiesbaden), ltKiS, p. 53 
Dependence of mechanical strength of brittle polyvry stalling .specimens on 
porosity ami {min >ur Kaudsen. I R .. f . Amet . mant. Sot., 1 '.T>0. 42, *17' ■ 

Phase i\fUi::vnii 

Solid solutions in the system AldL SiO, Toropov. N. A., it Galakhov, l\ Ya .. 
/;: '<!. A had. Wiuh SSSP. 1 ’.i3>, (li, 8 

Mullit e-corundum boundary in the systems MgO-AljO^SiO, and CaO-ALO, 
SiO r Aramnki, <!t Rov, K,. X. it it re. Loud., HT.b 1&4, Ml; / A met. 

iYmw. See.. T.'.Vj. 42, r. 14 


New interpretation oi 

the mullite problem. Welch 

J. 11. 

Salute. Load 

littat. 

186, 








Koie o 

Valumina in the 

svstem 

.\a,0- A 1,0, 

-Si< > 

I’ablo.thil 

ail, 

1.., A 

Vo 

ster, \Y. K.. /. 

Alter 


vr., 1'J.VJ, 42 

491 




The sv* 

tens RuD--SrO--TiO, 

MaO-L 

a() -TiO, am 

SrO ( 

,;0 TiO. 

I\ \v 

cstroo. 

\V 

, A l ‘aping, H 

A M. 

J.Ahu 

r rm.iw*. Soc 

. T.'.Y.i, 

to 



EL-::*:-: 

.E ceramics 








format ion <*t BaTiO 

from 

me u. 

ind Tit tj in 

lit .anil 

in 

einidcton, 

I.. 

iv, A' l\isk. | 

A, /. 

A i 

,i.ia: It 

•V. 42 




K fleet 

ot ■: » r .iar.;ina 

ion in 

irodmci 

1 during we 

n ailing on the 

elect nett 1 

pro;vrt:e- <>: h.ir 

c.in tit 

mate N 

-■Non, K. K.. 

t ook. K 1 . , j 1 

iuil. 

.•I »;•/•?. 

cet 

an. a , iP.Y.i 

38, 1. 







IV* veto 

>rne::t "t -\T.l 

n 

ka ceramic suit.dde 

i(Ji' U'i 

i" 73o c. 

He* 

>inc i . 

V. 

A Weber, 

r. w., 

Pull. Ai 

Cl. (C> in:. Nt 

la<4 

39, 1" 



1-or-tcr 

ite porcelain a 

> a hi 4 

h-froqin 

m e i:>ulalo 

I. 1 

'ja-nj' S o 

loraterile 

P ' 

i-l-.un contait 


i e*> >ii. 

a. Mignira. 

1. . Hi 

rai. M . 1 

illll , 

i; , a 


:■*. M . Y,.\ 

K) Lj: 

>hi. l‘.‘ 

•f. 67, 





K leans 

al t.^nduai’. it 

y t ii in: 

hi i.iv> 

ui- of MgU 

Mils t:, 

- r, / </ 

4 Ai . 

/ v* \ . 

lx 

if. 31, i-y.i 








«. e:\iini 

in-u.hii'.n : r 

wires ; 

or U'- a 

>jv u AV'V. 

,»> <u;„ 

P L, j *.»♦ ,i ► 

74. 

r- . t. 

Metalli. 

maj a! 

u:m:u 

■ crania 

s Irenioii, i. 

. i*. A 

Kaw.son, 

H., 

hi in 

Lt 

o;: '*■ • 

, j 

59, v:. 






An \W~ 

' of the semi- 

soUdui. 

tKii{ pr< 

>p« rtf > of ui 

halt fe 

Mite joiikcr. 

o 11 . 

)■ 

PL. r s 

}xp 9, 







. />: :n ■ tills 

M*:a-urement-> »•: intergranular diriud'/n in a k:1i< ate s\Mrjn : iron m forsterite. 

N'ausrhton. J. J., it I ujikaw. 1 , Y.. Sutm>:, hind., Ih.'.'J, 184, IV A ■>! 
Oxygen n;r,i :• !:? in two -oiu.at- „;i:i'*«-v Kin.'-:/. \Y. 1>, <5r Learn,;. J A.. 
* Pk\ ('h)ii. Gsj I MM, 1 , xT 

l-otoprc hnnge of oxv^n atom*) ;r. silicates. Wyart. j . Sahatnu. G . Cunvn. 
H . [>u«. ard, G , a ,M. t Pul. S <» , j> i ;, > < ; tall., R»3f. 

82 t .>; 

Liquid i-luat*- 

Surface tension and dut’.dty m';a*>ur«;;nem^ on molten gin*.*-* in the GaG, 
AljOj.SjO, ,v-»lcni. Barrett, I. R , A Thom:!'. A. G . /, Sm. tiln>, Tech , 
I'.ti'j, 43, J 77 

Viscosity and denaty of molten 'ilea and high iiln.a < ontent glasses, Bacon, 
j, K, Hasapii, A. A , & Wiiollty, J. W., Vhy». 0 hem. (>/«.; wo, lyt.il), 1, yt) 
Structure of liquid dlicatev II. Molar volumes ami expansivities. Tomlinson, 
J. \V., Hovnes, M. rs. J< . . & Roi ,kri->, J O'M.. Tram. Laraday Sot,., T.T>*, 

54 , 1*22 

Liquid lninuHCiUUty m uliuata systems. Glavsur, l‘. J’., War-thaw, I., «St Uov, 
J< ,, Phy : Chem, Ola >e J%0, 1, 



CERAMICS AND REFRACTORIES 69 

Se)f-djff union of iron in iron silicate melt. Yang, I,., Chien, C.-Y., & Derge, C., 
J . chem. Phys., I fififi, 30, ] #**27 

(/la ws and glasses 

Reaction kinetics of porcelain enamel -metal systems. Spriggs K M., A 
Fried lierg, A. I.., /. Amvr. ccram. Soc., 1960, 43, 

Effect of atmosphere on surface tension of glass. Parikh, X. M. ( J. A mer. ceram. 
Soc., 1*158, 41, 18 

Influence of glaze composition on the durability of on-glaze colours. Franklin, 
C. E. I .., Tindall, J. A., A Dinsdale, A., Trans. Brit. Ceram. Soc., I 960 , 59, 
388 

Electrical conduction in the alumino-silicate glasses. Isard, j. U., j. Soc. (Jla<s 
Tech., 1959, 43, 1 13 

Electrical properties of vitreous silica. Owen, A. K. ( A Douglas, K. W., /. Soc. 
Class Tech., 43, 159 

W ater in silica glass. Moulson, A. J., & Roberts, J. P., Trans. Brit. Ceram. Soc., 
1 Will, 59, 3*8 

Corrosion of semi-conducting glazes. Smith, E. J. D., Trane. Brit. Cetam. Soc., 
1 95! i, 58,^77 

Sintering 

Effort of mechanical treatment on the react i\ itv of solids. Xaeser. G.. A Scholz, 
W., Kolhidzschr., 195 s, 156, 1 K 'hem. Ahstr., 195*, 52, 78Hb 
Role of structural defects in the sintering of alumina and magnesia. Jones, 
J. T,, liaitra, P. K , A* Cutler, 1. II.. /. Annr. ccram. Soc., 1958, 41, 353 
Sintering of quartz crystal. Roberts, A. L., A Cliakladcr, A. C. D., Train. Brit. 
Ceram. Soc.. 1 !♦*•<*, 59, 3‘>3 

Effect of additions on the sintering of dead-burned magnesia. Kiic-k, H, J. S., 
laud, \Y, J’.. A White, J.. Trans, lint. Ccram. Soc., 195ft, 58, I 


Pc) ration Vs 

Phase equilibria principles in the corrosion of acid refractories. Ford, W. F. , 
Glass Tech., I960, 1, 17 

Electrochemical phenomena at the glass-rcfractorv material interface. Leger, 
L., Ilolle, M. t A Phitnat, E„ Glass Tech., I96<i, 1, 174 

Electrical stndv oil the corrosion of refractories by molten glass, Ihnrn, M,, 
Yamnmoto, T., K'oneshi, A., A Arimori, T., Yogyo Kyoftai Shi, 195ft, 67, 
{ I ), git {Brit. Ceram. AhAr., 195!*, 58 , 3vlA) 

Study with the aid of 45 Ca isotope of the inilncr.ee of ladle bricks on the 
contamination of steel. Ol’khovskii, 1. A.. A Diespcrova, M. I., OgneuRorv. 
1 95ft, 24, »5s 

( orrosion of unftred tank block made from highly siliceous day. Konopicky, 
Iv, Gotthardt, H., & Kohler. E.. Glass Tech., i960, 1, 155 

Corrosion of superstructure and regeiierator refractories by glass batch 
materials. Busby. T. S., Glass Tech., I960, 1, 11 

Rheology of aggregates containing a liquid phase with special reference to the 
mechanical properties of refractories at high temperatures. Allison, K. B., 
Brock, l 5 ., A White. J. f Trans. Brit. Cercun. Soc., 195ft, 58, If *5 

New aspects of the minora logical composition of silica bricks, especially 
concerning the so-trailed ’glass phase’. Fldrke, 0. \Y.. Silicates industr., 
1958, 22, 197 (in English) * 

Bond structure ami the behaviour of basic bricks at high temperatures. 
Richardson, H. M,, Eitchctt, K., A Lester, 51, Irons, lint. Ceram. Soc., 
1960, 59, -183 

Recent work on chrome magnesite bricks. Laming, Refract. J ., 195!*. 35 , 
116 

Swing to all basic furnaces. Chesters, J. If., Glass Tech., I960. 1, C J3 



7<> Kj i'okisoN mi: mxiiiiss of utmkd um:misikv 

\otc> on simulative >ei\ ice testim;. Fielder. !>.. A- Owen, A J., lHn<< Il>:t 
Cera»:. See., I960, 59, 149 

Ovulation of internal (steeli plates in chemically bonded basic roof brirVs 
Treffner. \V. S., Rader R<h<-h . 1*VW. >ro. v?o;t 

It ig h -te tt: pe ml ure dev ice< 

Hijth-temperature centrifuge for fused >alt studies. Wit ten her v;. I,. J., /. . lain . 
at am. Soc., 19.'>9, 42, 209 

Some equipment lor ceramic research. Aldred, 1' If . A White. V 1'. S , Tm;i . 
Ur::. Cera Sec.. 1959. 58, 199 

Recuperative furnace for use up to 2 omh , I'atiick. I. \ k\, A K. D.. 

/.. 1959, 300, 419 

Recent trends in engineering , Si,\ 1 dowh'pmont Nv the Admiralty , I -re 
A'.-u . />;</., i960 Feb.*. j V -j { 

.1 »a!y < i* 

bvnqmsium or. rapid methods ot .usalv-i' j >••« It*. . 9 . 43, ■ <l v,/ 

Direct determination of linn* in magnesite. <d. bv Thompson, H V., 'Iran 
Ur it. Ceram. > v , 1959, 58, .'la.'? 

Rapid methods of analysis of raw man-nab and i m-du d pmdui i> iliiotrchout 
‘ the Ai.t.b Sin. Kiu~<-. I a I II . i.-r.n.dn ^ j .« /h:. 1959, 

83, >' 



EXTRACTION AND REFINING OF METALS 

By A. K. POWELL, F.R.I.C., F.R.S. 

{Johnson Matthcy £ Co. Ltd., Wembley) 

Mineral dressing 

TnJi study of the mechanism and kinetics of flotation processes 
continues to attract the bulk of the research work in this field; 
some work has, however, also been reported on methods of 
electrostatic and electromagnetic separation of minerals. 

At the International Mineral Processing Congress held in London 
in 1‘JtiU Plaksin (/) reported that micro-autoradiographic and 
electronographic methods and potential measurements enabled the 
distribution of reagents on mineral surfaces to be determined both 
qualitatively and quantitatively as well as the stability of fixation 
and mobility of the reagent layers in relation to components of the 
gas phase. The crystal structure of the mineral influences the 
action of gases and the interaction with reagent. More effective 
separation of many minerals is possible by utilising the action of 
oxygen, nitrogen, oxidising reagents and others on the surface of 
the mineral particles. 

A kinetic investigation of the effect of contact time, temperature 
and surface conditions on the adhesion of bubbles to mineral 
surfaces (^) has shown that there is a linear relationship between 
the logarithm of the minimum contact time and the reciprocal of 
the temperature, the slope of the line depending on the concen- 
tration of the collector and being zero at high concentrations. A 
thermodynamical treatment of the attachment of air bubbles to 
flat solids (.‘i) indicates that about half the interfacial energy 
available in the system is expended in deforming the air-liquid 
interface in the absence of gravitational and kinetic energies; 
contact angle is a measure of this deformation during attachment. 
The deformation depends on the shape of the solid and on gravi- 
tational and kinetic effects, consequently contact angles deter- 
mined by experiments with fairly large bubbles or drops cannot be 
used in Young’s equation without introducing a correction for 
gravitational effects; this correction becomes particularly sig- 
nificant when the angle is small, i.e. at the threshold hydrophobic 
character of solids. 

Other Russian work reported at the Congress dealt with the 
kinetics of flotation reagent sorption (V) and the physical stability 
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of collector adsorption Livers on mineral surfaces (/>). When 
sorption is insufficient to produce a monolayer the rate of sorption 
is generally proportional to the reagent concentration irrespective 
of the valency. If tin* sorption rate is governed by ion-exchange 
the compound formed differs from that formed by the ordinary 
chemical reaction, e.g.. in the sorption of xanthatc bv partly 
oxidised galena one valency of the lead ion is hound to a xanthatc 
ion and the other to the galena lattice, hor effective dotation under 
normal conditions formation of stable adsorption layers is in- 
dispensable. but this is undesirable in selective dotation with 
depressants. Improved selectivity may be obtained by a judicious 
combination of methods, including the action of ultrasonic waves, 
high-frequency currents, high temperatures, and abrasive action 
to clean mineral surfaces. 

The generation of gas bubbles and their discharge from solution 
may considerably increase the efficiency of a dotation process: 
bubble formation takes place on a much wider scale than is 
generally believed in mechanical flotation machines and is es- 
pecially pronounced in vacuum flotation. Hade equations defining 
the thermodynamics and kineti* < of bubble formation proposed bv 
Klassen (6') show the dependem e of dotation and over-saturation 
of the solution, frother concentration, and hvdrophobicitv of the 
mineral surface*. Experimental application of these principles 
confirms that, for mineral particles of "> -ln^. separation is im- 
proved bv vacuum flotation. 

The activation of sphalerite bv copper salts s diown by tracer 
methods to be due to replacement of zinc ion- bv copper ions in its 
lattice (D. which is rapid until three layers of zinc ions arc 
replaced and then proceeds bv the parabolic rate law. I)e-activation 
is due to sequestration of the copper ions jn solution, but the 
copper complex formed must be considerably more stable than the 
corresponding zinc complex to be effective. In the selective 
dotation of lead zinc sulphide ore- the degree of selectivity 
obtained depend** upon gaugin' composition, degree of oxidation 
of the minerals and grinding conditions ( V) , zinc depre-sants have 
only a moderate effect but metallic iron abraded from the grinding 
mills tends to depns- sphalerite, while the presence of oxidised 
lead minerals tends to activate it, possibly bv ion-exchange in the 
surface layers. With some ores a better recovery of zinc in a higher 
grade concentrate is obtained by floating with diphenvlguanidine 
instead of potassium othylxanthate; generally diphcnvl and dibutvl 
derivatives of urea and of guanidine are e.v client flotation 
»■ oil ec tors f.V). 

Considerable woik ha*- been done in the l-nited States and in 
Russia during recent years on the beneie iation of iron ores bv 
flotation. Laboratory tests in a Hallimond tube show that operating 
at elevated temperatures improves the selectivity and the grade of 
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concentrates obtained in the soap flotation of iron ore (JO). The 
floatability of goethitc has been determined and correlated with 
its electrokinetic properties ns determined by streaming potential 
measurement (11). In the separation of fine haematite and goethite 
from a quartz and chert gangue by soap flotation the pH of the 
pulp determines whether the gangue or the iron minerals are 
floated ; floating of the latter is completely inhibited by slimes, but 
when the iron minerals float the selectivity depends on the struc- 
ture of the fatly acid collector, the more saturated fatty acids from 
fish oil giving the best results (12). With oxidised white spirit as a 
collector and a tail-nil emulsion in combination with a soap, a high 
recovery of a good grade of iron concentrate has been obtained 
from low-grade limonite ores in Russia; the same reagents have 
been used with success in the recovery of 35-40% manganese 
concentrates from the slimes from the gravity concentration of 
manganese ores (IS). Crude tail-oil emulsified with fuel oil is a good 
collector for Norwegian ihnenite flotation, giving a good recovery 
of high-grade concentrate from deslimed ore (14). 

In the field of electrostatic separation Russian work (16) has 
shown that the relative conductivity of minerals (y) depends 
largely on the humidity (/>) of the ambient air and can be expressed 
by the equation: log l0 y - — a-fty) where a and b arc constants. 
The surface conductivity of dielectric minerals is determined 
mainly by the amount of water adsorbed on their surface so that 
tlie relative conductivities of associated minerals may change with 
the moisture content of the air. Hence either a dry or wet separation 
may be the most effective or it may be necessary to treat the 
mineral surfaces with reagents which modify their hvdrophobicity. 
The theoretical principles of this process are similar to those of 
treating minerals with reagents prior to flotation so that further 
developments should follow from a fuller application of the 
accumulated knowledge of the latter process. Work at the U.S. 
Bureau of Mines (76') has shown that most minerals suffer an 
irreversible change in electrical conductivity when heated to a 
temperature between 100’ and 800' due to alteration of adsorption 
layers, volatilisation of ions from the surface, or oxidation or 
reduction. Efficient electrostatic separation of gravity concentrates 
containing columbite, cassitcrite. mnnazitc, xenotime, orangite. 
and zircon lias been obtained by feeding the sized material to the 
rolls at temperatures above 100 (17). 

Two new types of wet magnetic separator for feebly magnetic 
minerals have been described: one (IS) functions by means of an 
automatically operated cycle of frequency and collects the mag- 
netic particles on grooved [dates in a magnetic field, cleans them 
with a pulsed stream of water, and then removes them from the 
[dates by a decrease in magnetic field strength and an increased 
water velocity; in the other (III) the paramagnetic particles are 
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retained in a magnetic corridor’ , the diamagnetic particles being 
washed out by a lateral current of water or by centrifuging. 

Roasting, sintering* and fluidised bed techniques 

Davies {’JO) draws attention to the fundamental concept of 
sintering as a heat transfer process in which the ignition heat is 
continuously transferred through the bed as a heat wave initiating 
endothermic changes, the energy requirements of which are 
supplied by combustion of the fuel in the bed. Ideally the heat wave 
>hould be generated by the ignition hood followed bv preheating 
"f the incoming air. and the fuel content of the bed should be no 
more than that required to balance the endothermic changes; in 
practice, however, the heat wave is deficient in energy and this is 
offset by the excess fuel in the boil. Hence the quality of the sinter 
is reduced, more lines are returned and fuel is wasted. Sintering 
speed, i.e. the heat wave veh.city. is a function of the rate at which 
incoming air acquires heat from the cooling sinter and imparts it 
to the unburnt feed below the combustion zone and is, therefore , 
a function of the rate of ;ti r tluw and dependent on the bed per- 
meability. The application c»f these principles to the sintering of 
taconite concentrates is discussed. Some Herman work {JI} on the 
sintering of iron ores indicates that the process is connected with 
the advanced melting of the on- and the formation of new crystals 
while the gangue i- converted into a ferrous silicate glass which 
can be transformed to tavalite by annealing. The sintering tem- 
perature of ores with a mainlv -ilicious gangue is between MOD 
and labO according to the amount of slag-tunning constituent-; 
present, but may be reduced to lifiu by adding lime. Hall (JJ) ha- 
studied the c-ltect on the -inter strength of introducing excess air. 
both through the burner and by induced draught, during ignition 
of a low-grade -inter mix. the extent to which carbon goes into 
-olution during inert ignition, and the effect of introducing exo-- 
air to inhibit this endothermic reaction, lie al-o reports (2T) the 
result- of an a--e— ment trial on a Dwight Idoyd -inter strand 
recently installed in a North of England ironworks. New features 
of this plant include means lor using preheated air for sintering 
after ignition, constant-weight feeder- for controlling raw material 
input, a quenching trommel for cooling return fine-, and a Davidson 
cellular-type dust collector. 

To avoid dusting lo-es. Stark [JJ) advocates mixing line iron 
ore concentrates with a binder, agglomerating bv means of a 
pugmill-ex trader as u-ed in the ceramic industry, tiring the 
agglomerate at high temperature-, and cutting the resulting solid 
columns into convenient size- for handling. Work at the U.S. 
Bureau of Mines (2-3) indicates that it may not be necessary to 
sinter taconite concentrates for blast furnace smelting. Pellets 
made from taconite tine- with 1 % of bentonite gave dusting losses 
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in smelting of only 13 lb. per ton compared with 7 lb. per ton for 
sinter, and there was no significant increase in coke consumption. 
Difficulties sometimes encountered in sintering iron ore flotation 
concentrates are attributed partly to the flotation reagents and 
partly to the particle size of the material (26). 

In sintering lead ore concentrates the substitution of an up- 
draught for the usual downdraught increases the output of the 
plant, reduces the power consumption, and results in a higher 
sulphur dioxide content of the gases (27). 

Fluidised bed roasting of sulphide and other ores continues to 
attract attention and the process has been extended to the reduc- 
tion treatment of iron-bearing minerals. For roasting antimony 
sulphide concentrates (28) a shallow cylindrical chamber with a 
conical bottom is used to contain the charge, the air with the 
mineral in suspension being injected into the apex of the cone alter 
the chamber has been preheated to 000-700° ; efficient eddy currents 
in the cylindrical section prevent settling of roasted or partly 
masted material into the cone and carry all the calcine out of the 
top of the furnace to be collected in the dust-collecting plant; the 
antimony is all converted into vSb 2 0 3 and not into the unwanted 
Sb 2 0 4 . Fluosolid roasting of low-grade antimony ores and tailings 
has been used in Russia to obtain sublimates with over 30% Sb 
from feed containing around 1%; antimony recovery consistently 
exceeds 80% and the product is used for producing the metal 
electroly t ica llv (29). A two-stage fluosolid roasting process to 
recover arsenic compounds from arsenopyrite and to eliminate 
arsenic from pyritc calcines leaving an iron oxide suitable for steel 
manufacture is described by MacAskill (36) ; a similar plant is used 
for roasting pyritic gold concentrates (31). With a fluosolid reactor 
maintained at 600 it is possible to convert about 05% of the 
copper content of a pyritic concentrate (20% Cu) to water-soluble 
copper sulphate (32). 

In the roasting of siderite in shaft furnaces, when material finer 
than about 5 mm. is present, the increased resistance of the charge 
to the air flow and the irregular air distribution in the furnace 
reduce the capacity of the furnace and lead to a deterioration in 
the magnetic properties of the roast. Pilot plant tests (33) have 
shown that the fluidised bed process produces from Siegerland 
siderite a mure homogeneous product which behaves much more 
satisfactorily in the subsequent magnetic separation. 

The New Jersey Zinc Co. (34) use the fluidised bed technique to 
roast zinc ore to give a calcine free from cadmium and lead. The 
roaster comprises two superimposed beds, the lower being mildly 
agitated and the upper more vigorously agitated and maintained 
at 1050°; agglomerated concentrate is fed to the bed, zinc sulphide 
being roasted to oxide in the lower zone, and lead and cadmium 
sulphides volatilising from the upper. 
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New Zealand iron sands can be reduced to sponge iron in a 
fluidised bed after previous oxidation at 1050* in air. For the 
reduction carbon monoxide at 600— 700° or hvdrogen-rich gases at 
about 900" can be used (35 ) ; the impurities present retard the rate 
of reduction but prevent agglomeration. 

Russian work (Jtf) has shown that volatilisation of rhenium in 
the roaster gases is well over 90% in fluidised bed roasting of 
molybdenite compared with about 05% in muffle roasting and 
under 50% in a rotary kiln; scrubbing the gases with water or 
potassium chloride solution effectively recovers the volatilised 
rhenium. 

The segregation process of treating h>w-grade oxidised and 
mixed oxide-sulphide ores for the recovery of copper has been 
studied in detail on different ores with various types of ganguc {37). 
The ore is heated with a small quantity of Na( 1 and 0*5-1% of 
coke at 700-75u : in a non-oxidising atmosphere to produce fine 
flake copper which is subsequently recovered by flotation. Tile 
pro 'ess has considerable merit for the recovery of copper from 
highly calc are* hi s ores and for silirious ores not amenable to con- 
ventional treatments. Recoveries of over M)% of the copper from 
a complex oxidised ore having a dohmitio gniigue containing much 
pyrulusite and goethite have been obtained in Fern by heating a 
pelletised mixture of the finely ground ore. salt and coal at 7 .''O' in 
a shaft furnace with hot neutral gases from th»* combustion nf oil. 
quenching the pellets, lightly wet grinding the sludge, and passing 
the pulp to flotation cells [3H I. 


Hydrometallurgy 

Pressure leaching under oxidising conditions, originally applied 
to pvritic ores of copper, nickel and iron. ha< been adapted to the 
treatment of copper -nickel matte (•>.% zinc -nlphiile concentrates 
(40) ami galena (41). Finelv ground matte behaves in the ammonia 
pressure-leach process like a nickel-copper sulphide flotation 
concentrate, but there is a much smaller quantity of iron to be 
removed. Treatment of zinc sulphide concentrates in 12% sul- 
phuric acid at U0-1I.V in an autoclave with air results jn more 
than 95% of the zinc dissolving as sulphate. The solution is treated 
bv conventional methods to recover high-purity electrolytic zinc 
and the acid liquors are recycled. The process eliminates roasting 
and ferrite formation, and recovers elemental sulphur. Pressure 
oxidation of galena concentrates in acid solution converts the lead 
into the insoluble sulphate and eliminates other metals as soluble 
sulphates. On leaching the sludge with a solution of diethylene- 
triamine as much as 050 g. of lead per litre dissolves, ami passage 
of carbon dioxide through this solution precipitates pure basic lead 
carbonate free from other metals which form amine Complexes. 
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Reduction of the carbonate with carbon yields silver-free lead of 
better than 99-99% purity. The amine is regenerated by treatment 
with lime. 

Uranium can be extracted from pyritic shale by pressure 
leaching with dilute sulphuric acid generated by internal oxidation 
of the pyrite with oxygen [42). Leaching of various uranium ores 
with acid and alkaline reagents is described, the oxide being 
recovered by ion-exchange or solvent extraction. Using Amberlite 
I R A-400 anion-exchange resin to strip acid leach liquors, Canadian 
workers (43) removed the uranium completely from the resin with 
sodium carbonate or bicarbonate and recovered it bv precipitation 
with sodium hydroxide; only slight deterioration of the resin was 
noted after 50 cycles of loading and elution. The uranium ores of 
Wyoming are leached with sulphuric acid when the soluble lime 
content is less than tt% or with sodium carbonate when it is more; 
from the acid leach uranium is removed by solvent extraction and 
the alkaline leach is used to strip the uranium from the solvent 
(44). A catalytic reduction process (43) has been devised for the 
direct precipitation of pure uranium tetrafluoride in a dense 
crystalline form directly from the solutions obtained from the 
solvent extraction strip; the dehydrated product can be used 
rlirectly for production of the hexafluoride or for reduction to pure 
metal. 

The effluent from the ion-exchange plant used in the recovery of 
uranium from certain Canadian ores contains 0T5-0-25 g. of thoria 
per litre; solvent extraction with a 5% solution of di-tridecvlamine 
in kerosene recovers more than 95% of the thoria, which can be 
stripped from the solvent with sodium carbonate or chloride 
solution to yield a product with more than 98% of thoria (46). 
Similar results are obtained with di-(2-ethylhexvl) hydrogen phos- 
phate in kerosene (47). The extraction of thorium from monazite 
sand is considered in several papers in which the acid and alkali 
methods for decomposing the sand are discussed and chemical and 
solvent extraction processes described for recovering the thorium, 
uranium and rare earths. Extraction from a nitrate solution with 
tri-n-hutvl phosphate in xylene or kerosene is the most efficient 
procedure for recovering the thorium if ferric nitrate is added to 
prevent interference of any phosphate present (4$); if the cerium 
is present as ceric nitrate both cerium and thorium pass into the 
solvent, but the cerium is readily removed by a reducing strip (49). 
A good review of the subject is given by Btiddery ct al. (50). 
Madvan (61) reports that with a 1 : 1 ratio of solvent to aqueous 
solution, extraction of thorium is almost complete from 0-1 m 
solutions of the sulphate with 1-0 M solutions in kerosene of tri- 
mcthylnon-4-yl phosphate at pH 1-2-5 or dicthyltridec-G-yl phos- 
phate at pH 3-9, whereas di-(2-ethvlhexyl) phosphate solutions 
extract only 87% ; the thorium can be recovered by stripping with 



78 KKFOKTS ON lilt l’KUGKESS Ol Al'PUKU CHhMISI'KY 

sodium carbonate. In a two-cycle process fur recovering both 
thorium and uranium from monazitc sulphate liquors the former 
is extracted with a primary amine in a hydrocarbon oil and the 
latter with a secondary or tertiary amine (52) ; amine extraction is 
more selective than ion-exchange for recovering uranium (J 3). 

Thorium is preferentially adsorbed on passing a sulphate solution 
of monazite through columns of cellulose phosphate (o4) from which 
it can be subsequently eluted with lU 0 o ammonium carbonate 
solution; ferric salts must first be reduced with aluminium. 
Although this procedure is interesting from a technical point of 
view it is doubtful whether it can compete economically with 
solvent-extraction processes. 

Much interest has been shown in America in methods of recover- 
ing the rare earths from bustnusitc and euxenite. A nitric arid 
attack of the former after calcination, followed by solvent extrac- 
tion of the ceria, gives good recoveries of the rare earths (*>>), but 
the best procedure is to digest the ore with sulphuric acid t<- 
remove fluorine and most of the >ilica. calcine the sulpliatcd 
product at to render the gangin' constituents insoluble (o6‘). 
and leach the calcine with water to extract the rare earths. The 
hydroxides are recovered with hot caustic xoda, washed, air-dried 
at ll 11 and leached with dilute hvdrochloric acid to extract the 
tervalent oxide-, and pure ceria finally recovered a> ba>ic nitrate 
(•77) or by extraction into tributyl phosphate and stripping with 
dilute sulphuric acid f-J.Sj. Trrhniquex have also been worked out 
fur extracting cerium ( tv) directly from sulphate leaeh li< juor^ [;\H\ 
anrl for the subsequent partial separation of the rare earths lining; 
long-chain primary amine- a> solvents (00). A comparatively 
simple process for recovering all the valuable constituent' ol 
euxenite consists of high-temperature chlorination of the mineral 
in presence of a carbonaceous reducing agent to remove titanium, 
niobium and tantalum chlorides (separated bv fractional conden- 
sation and solvent extraction^ and to collect the iron and uranium 
as a Na( l-I ; eCl 3 -(*CI 4 eutectic; the thorium is finally extracted 
from the re-iduc of rare earth chlorides bv solvent' (67). Various 
methods for the treatment of the chloride -olutioii to xeparate tlie 
earths have also been studied (67j. particularly -olvent extract ion 
with tri-n-butylamine :> methyl-2 butanone (6VJ). 


Ferrous metallurgy 

Investigations in thix held during the la.^t two veai> were mainly 
concentrated on direct reduction processes and the use of oxygen 
in steel making. 

The Republic Steel-National Lead process has proved successful 
in reducing iron ores with .‘iO 00% ol I*e to produce metallic iron 
briquette. with more than of iron in a rotary kiln tiding solid 
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carbon furls with up \n 7% of sulphur. The briquettes contained 
less than o% of SiO, and less than 0-05% of sulphur; more than 
00°', of the phosphorus content of the ores was rejected (64). 

The reduction of fine iron ores suspended as a dispersed cloud in 
hydrogen has been studied by Ezz & Wild (66), who determined 
the effect of particle size and shape, the nature of the ore and its 
porosity, temperature, and ore-gas ratio on the rate of reduction, 
favanagh (66) has critically reviewed the technical and economic 
aspects nf the various methods proposed for the direct reduction of 
imn ores. 

Keceiit American developments in the use of oxygen in duplex 
and stationary open-hearth furnaces are discussed by Pearson (67), 
who also illustrates modern designs of furnaces with acid and basic 
roofs and gives details of their operation. Progress in the use of 
oxygen in a modified tilting furnace is reported (OS) and Chater & 
Diaries (60) have* described tests on oxygen lancing in the ladle 
and the effects of introducing limestone and soda into the oxygen 
stream. My feeding oxvgcn into the mouth of a rotating cylindrical 
furnace containing pig iron the sulphur is efficiently removed and 
the metal has a low hydrogen content. The chemical and thermal 
effects of introducing oxvgcn into the open-hearth furnace are 
discussed by Hodge & Arnold (70). A British patent (77) claims 
that, hy blowing a perpendicular jet of oxygen on to molten pig 
iron so as not to agitate the surface, all the main oxidation pro- 
cesses can be conducted without the slag acting as an intermediary 
and with the use of less than 25 kg. of lime or flux per ton of metal. 
By using a rotating furnace at relatively high speed and blowing 
in oxygen from the top it is possible to remove most of the phos- 
phorus from pig iron as a pourable slag rich in phosphorus while 
leaving about 6-5 ° n of 0 in the metal (7:2 ) ; the slag is removed and 
refining completed with a new slag. 

Low-grade ferruginous manganese ores can be utilised for the 
production of spiegeleisen and high-grade ferromanganese by a 
duplex smelting process in a submerged-arc electric furnace ( 7 6) ; 
the ore is first smelted to produce the spiegeleisen (12% Mn) and 
a manganese-rich slag (51% Mn) and the latter is rosmeltcd with 
low-grade ore to produce ferromanganese (7d% Mil). 


Copper 

A direct smelting process for producing copper from flotation 
sulphide concentrates has been developed in Japan; the concen- 
trates are fed through a specially designed hopper into a side-flue 
type blast furnace to make effective use of the heat of combustion 
of the sulphur and iron. Fuel consumption is reduced, no pre- 
liminary treatment of the concentrates is required and the flue 
gases can he utilised directly for producing sulphuric acid (77). The 
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factors affecting copper reverberatory furnace performance and 
their influence on the choice of smelting methods are critically 
reviewed by Yerrey (7a), and the influence of charge composition 
upon the heat requirement in copper matte smelting is discussed 
by Evans (/£►). 


Nickel 

By smelting garnierite with phosphate rock, gypsum and coke 
at 1350'. more than 9Q% of the nickel can be recovered in the 
matte and the phosphatic slag contains lti-19% MgO and 12 17° (1 
P 3 0 5 , more than 07 IJ o of the latter being citrate-soluble (77). 

The nickel oxide produced in the hydroinetallurgical treatment 
of Cuban ores can be reduced to sponge nickel by heating a 20 : 5 ; 1 
mixture of the oxide, fine anthracite and dolomite in saggars in a 
tunnel kiln; pilot plant tests mi a tonnage scale have yielded ingot 
metal with Ni — Co 98*5° 0 , Fe U*7 n . ;> S 0*0C n <y and C 0*07% from 
smelting the sponge in an electric nr basic open-hearth furnace (?-$). 


Magnesium 

Thermo-chemical and -dynamic studies on the production of 
magnesium bv reduction of burnt dolomite with fermrilicnn (7.V) 
have shown that the first reaction. starring just above fyM/, is the* 
reduction of lime to CrtSu and f'ruSiO,, which is slow below 890 , 
at which temperature eutecti-' formation causes the reaction to 
accelerate; above 1020* the faSi 2 melts and the calcium vapour 
formed reduces the magnesia to magnesium vapour, the rate of 
reduction increasing with rise in temperature up to 1 1 n< r and then 
decreasing due to nvdting of the charge and decrease in porosity of 
the briquettes. Reduction of magnesium chloride with calcium 
carbide is complete at about Kxhi w : (h w> in a very short time, 
whereas silicothermic reduction of th^ oxide reqtiires a fairly long 
heating at lb>0 1500 ; the carbide proofs might be made econ- 
omical bv using the calcium chloride produced to convert magnesia 
to chloride in the presence of carbon dioxide and then using tin- 
calcium carbonate produced as a «mir«e of carbon dioxide and 
cal.ium carbide (SO). 


Zinc 

Indian investigators {HI) that a high recovery of zinc can 

be obtained by heating at 1050 briquettes composed of carbon 
and a 1 : 1 molar mixture of zinc blende and ferric oxide, the iron 
being converted into ferrous sulphide. The use of peat semi -coke 
as a reducing agent in the retort process of producing zinc gives 
better recoveries of the metal with a smaller amount off reducing 
agent in the charge (H2\. Two accounts of the operation of tlie blast 
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furnace process for the recovery of zinc and lead from mixed 
calcines have been published (88, 84). 

Japanese workers (85) claim that the presence of manganese in 
the sulphate electrolyte used for the production of electrolytic zinc 
prevents disintegration of the lead anode (1% Ag) and the forma- 
tion of excessive anode slime by producing a thin film of manganese 
dioxide on the anode. Electrolytic zinc has been successfully 
prepared from sulphate electrolytes containing chlorides by the use 
of east magnetite anodes which resist attack both by chlorine and 
oxygen (80) t 

Aluminium 

The extraction of cell-grade alumina from minerals other than 
bauxite continues to attract attention but pilot plant operations 
have not yet indicated that alumina so produced can compete in 
cost with that obtained from bauxite by the Bayer process. By 
baking shale with concentrated sulphuric acid the alumina, ferric 
oxide and potash are sulpha ted, leaving the silica insoluble; from 
the leach with lmt mother-liquor containing potassium sulphate 
potash alum is crystallised and then purified by extracting the iron 
from its solution with a kerosene solution of Primene, the purified 
alum is roasted, sulphuric acid being recovered from the gases, the 
alumina is leached, and potassium sulphate is recovered from the 
solution, the mother-liquor being recycled (87). The lime-soda 
sinter process has been applied to the recovery of alumina from 
anorthosite (A'<V) but the cost per unit of alumina is 50% above that 
for treating bauxite, although some revenue might be obtained by 
using the residues in cement manufacture. Very close control of the 
sinter composition, of the time and temperature of sintering and of 
the leaching operation is required to avoid difficulties in filtration 
of the aluminate liquor and of the recovery of alumina therefrom in 
high yield (80). According to Zoccheddu (00) hydrous silicates, such 
us kaolin, if relatively free from alkaline earths and fluorides, 
decompose to give a high yield of acid-soluble y-alumina if roasted 
at 850 in the presence of salt as a catalyst. 

A study (01) of the anode polarisation in aluminium reduction 
cells 1ms shown that, with good anode current distribution, no 
fluorocarbons arc formed but, when there are large distances 
between anode and cathode, concentration polarisation develops 
as the bath becomes depleted in alumina and continuous local 
generation of CP 4 may then occur. For the production of super-pure 
aluminium a circular three-layer cell 1ms been developed in 
Germany (0#) ; it has two fore-wells and two side-channels at 90° 
to one another, at the widened ends of which the refined metal is 
solidified and in which the cathodes are embedded so that the p.d. 
between the cathode conductor and the metal is reduced from 
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about 0-6 to 0 05 V. With 99% aluminium as the feed the cathode 
metal is better than 99*999%. the impurities being of the order of 
1—2 p.p.m. each of Cu, Fe, Si, Ti and Zn; this metal is more than 
10 times as resistant to corrosion by 10% HCl as the 99-99% grade. 


Titanium 

Titanium tetrachloride for the production of the metal is 
generally obtained by chlorination of rutile, but recently attention 
has been given to the possibility of obtaining it from the much 
more abundant ilmenitc. According to Ostberg (03) after reduction 
of roasted ilmenitc with carbon monoxide at 1 100—1 -00 the sponge 
iron and TiO., can be separated by mechanical means, t he Ti0 2 
concentrate obtained being suitable for direct chlorination. Arc- 
furnace smelting of Idaho ilmenitc sand produces iron and a 
titanium-rich slag; by grinding the slag to -00 mesh, forming it 
into coked briquettes with 35% of carbon, and heating these at 
0ou-8o0 ; in a shaft furnace in a current of chlorine, commercial- 
grade TiCI 4 can be obtained in high yield with some Nb< 1- as a 
bv-pruduct i 9 l ) . The chlorination of titanium minerals with 
carbonyl chloride and with mixtures of chlorine and carbon 
monoxide has been studied bv Dunn [90) \ the chloride is more 
effective than the gas mixture at temperatures up to GOO . 

By chlorination of niobium-bearing, coke-reduced ilmenitc at 
■loO-oOW and pas-age of the vapours through heated purification 
columns a good grade of Tifl 4 has been obtained directly and 
NbClj recovered from the columns {•%*). A trap for collecting 
preferentially the ferric chloride and other impurities less volatile 
than TiCl 4 produced in the chlorination of ilmenite depends on the 
formation of low-melting-point mixtures of l : e('I 3 and Xa( l of near 
eutectic composition (97)] practically no iron passes the trap and 
t lie condensed TiCl 4 is free from suspended impurities. 

Treatment of the solution obtained bv dissolving ilmenite in 
-ulphuric acid with HCl and KCI at o precipitates crystals of 
K 2 Ti01 4 ; the dried salt vield- Ti(’l 4 when heated at ‘»00 500 , or it 
may be directlv redm ed to titanium bv magne-imn or hvdrnlvsrd 
to the dioxide (9H). 

The reduction of titanium tetrachloride bv sodium has been 
intensively studied at the H.S. Bureau of Mines during recent 
years. The reaction occurs in stages, lower chloride* first being 
formed. At 100 2 00 Ti< l 4 reacts with molten sodium dispersed 
on an agitated bed of sodium chloride to form TK 1 3 and Tif 1 4 (99), 
which at higher temperatures form a solid phase with sodium 
chloride while the excess sodium forms another solid phase with 
NaCi; these two phases then react to produce crystals of titanium, 
the reaction being of an electrochemical nature, The reaction is 
complete at H00 J and the resulting metal is of high purity, having, 
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when incited, a Brinell hardness of 50-60 (100). Several British 
patents based on this reaction have been granted (101-104). 

Among the electrolytic processes which have been proposed for 
the production or refining of titanium are electrolysis of the 
carbide in a fused salt bath ( 103) and deposition on an induction- 
heated cathode from a solution of TiCl a in the fused KCl-LiCl 
eutectic (100). For electrorefming an internally heated fused salt 
bath is claimed to be superior to one externally heated (107). An 
electrolytic cell for the production of titanium in which TiCl 4 is 
contiumuislv fed into a porous basket-cathode has been designed 
to avoid the fused salt electrolyte between anode and cathode from 
accumulating lower titanium chlorides which react with the brick- 
work of the cell and with atmospheric oxygen ( l OS ) . 

Vanadium 

Commercially produced vanadium has been refined by electro- 
lysis in a bath of molten XaG containing 3-0% V as vanadous 
chloride (100). Both the oxygen and nitrogen contents are reduced 
by 00 -70° u and the resulting metal after argon-arc melting has a 
Rockwell B hardness of 35 compared with an initial The ingots 
can be cold-rolled to b!)% reduction before edge-cracking appears 

Hafnium 

Reduction of purified 11ICI 4 by a mixture of magnesium and 
sodium is claimed to give a purer product than that obtained with 
magnesium alone (110). Ingots produced from the sponge can be 
cold- rolled to sheet. 

Thorium 

fhlorination of a bonded carbon thoria mixture in molten 
Nad KG eutectic provides a simple way of producing a ThG 4 
electrolyte from which a high-grade thorium powder can be 
obtained by electrolysis with a molybdenum cathode and graphite 
anode (///), According to Meyer (112) thorium produced by 
electrolysis of thoria in molten KF ThF 4 mixtures is superior to 
that produced from KG -Nat l-ThCI 4 -Th() s mixtures, having a 
higher purity and larger particle size; the decomposition potential 
in both systems is ldl‘2 V. Both electrolytes ran be used for 
electro-refining crude thorium metal to obtain reactor-grade metal, 
rare earths and other impurities being efficiently eliminated (113). 
The production of thorium by reduction of the oxide with calcium 
has been studied by Fuhrman d al. (111). 

Chromium 

Considerable interest lias been shown in recent years in the 
possibility of using chromium -based alloys for high-temperature 
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applications and this has led to extensive studies of the electrolytic 
production of the metal in high purity and at improved current 
efficiencies. Pioneering work along these lines carried out in 
Australia for some years has given such promising results as to 
incite further studies in America. At the L',S. Bureau of Mines 
[115, 116) massive high-purity chromium deposits have been 
obtained by electrolysis of purilied chromic acid solutions at 85- bo ; 
baths containing sulphate operated at only J3“ 0 current efficiency, 
whereas those containing iluoride or lluosilirate ions operated at 
40-44% efficiency. Ryan [Hi ), working on similar lines, obtained 
only S-lO° 0 efficiency in sulphate-containing baths and 35 4U%, 
decreasing with time to a steady 25-30%. in Iluoride- or fluosiUcate- 
comaining baths. All these workers obtained deposits containing 
50-150 p.p.m. of oxygen and about 20 p.p.m. of nitrogen with nnlv 
minute traces of metallic impurities: the arc-melted metal was 
hot -worked t* 1 rod and sheet and drawn into wire ductile at mom 
temperature. 

Attempts to retine electrolytic chromium with high oxide content 
have been made in a fu<ed NaCl Crfl 2 bath {II*}. Altliough the 
deposited metal contained oiilv 2T>-ln% of the o.wgen and nitro- 
gen in the anode metal it wa> serioudv contaminated with iron or 
nickel from the cell walls. 

Tungsten 

Metal of % purity ran be obtained by electro 

deposition at 'J50-105O Oom soluti"ns of impure tungsten com- 
pounds or of scheelite in f;wd alkali phosphate or borate l>atli> 
containing sodium chloride to increase the 'oath lluiditv and to tb:\ 
the lime. In scheelite baths use nf a rotating cathode and a low 
voltage results in preferential deposition of the molybdenum, U8",, 
being deposited with only 2% of the tungsten. Power consumption 
is 1-2 kWh per lb. of tungsten (110). 

High-purity metals 

Zone-melting as a means of preparing high-puritv metals con- 
tinues to attract the attention of workers in this held and several 
patents covering apparatus t« r the zone-refining of metals have 
been granted in the last two years {126 123). Work lias been 
published on the application of the process to iron {126), zinc {127), 
molybdenum {123). tungsten f 122), niobium ( ISO), nickel, titanium, 
vanadium, aluminium and gold (131), and lead, tin, bismuth and 
silicon (132). and the efficiency of zone-refining processes has been 
discussed by Davies f 132). 

The basic principles underlying the iodide dissociation process 
have been formulated by Looman (134) and its application to the 
production of pure niobium (133) and tantalum (136) described. 
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High-purity tungsten is obtained in the form of dense columnar 
crystals by hydrogen reduction of the hexafluoride (137) at 600°; 
flic crystals have d 19*25 (compared with d 19*23 for hard-drawn 
wire made by conventional methods) and contain less than 0-01% 
of impurity. The purity of hafnium made by the Kroll process is 
considerably improved and the oxygen content reduced to 0*01- 
H-04% by passing the HfCl 4 vapour through molten KCl-NaCl 
eutectic prior to reduction (138). 

During the past years intensive work on the preparation of the 
rare earth metals, scandium and yttrium in a state of high purity 
has been in progress in the United States. At the Ames Laboratory 
yttrium bos been made on a relatively large scale by feeding a 
mixture of yttrium fluoride and calcium chloride into molten 
calcium -magnesium alloy in a titanium pot in an inert atmosphere, 
crushing the resulting 73 : 27 yttrium-magnesium alloy, distilling 
off the magnesium at 950' in a vacuum, and vacuum-melting the 
yttrium sponge by the consumable-arc process ( 7-3.9). Sponge of 
99*8% purity can also be obtained by reducing the chloride with 
sodium or lithium in a molybdenum crucible in an argon atmo- 
sphere (110) , arc-melted ingots can be rolled into sheet which is 
ductile after annealing. Zone-refining in an electron-beam furnace 
increases the puritv to better than 99*9%; the refined metal has 
m.p. 1 195 ; "> and can be cold-rolled to 90% reduction (141). 
Despite its relatively low vapour pressure, 100-g. batches of 
extremely pure yttrium have been prepared by distillation from 
tungsten' or tantalum crucibles at 2200 vKH mm. Hg. This distil- 
lation process has also been used for preparing many of the rare 
earth metals, particularly dysprosium, thulium, terbium and 
holmium, as well as scandium (14'J). the metals being first obtained 
by calcium or lithium reduction of the fluorides in tantalum 
crucibles. The distilled metals contain 150 p.p.m. of oxygen. The 
three metals of the group which exhibit divalency, samarium, 
europium and ytterbium, are readily prepared in a very pure form 
by reduction of the oxides with metallic lanthanum or zirconium 
powder in a high vacuum at above 1200°, the metal distilling out 
of the mixture and being collected on a ‘cold linger’ maintained at 
3O0--MI0’ (143). 

High- puritv gallium can be prepared from commercial grade 
metal by dropping it in fine streams through ammonia heated at 
800°; the impurities arc converted into nitrides which form a scum 
on the molten metal (/-/-/). 
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Introduction 

Work <>n the properties ui tlu* mure roiract^ «ry metals accounts 1m* 
a rapidly increasing proportion »*f tin- total research effort. and the 
Journal of th<' Metals has facilitated the publication 

of much valuable material. Antony the papers of general interest, 
lii at <>f Robins \l'- deserve- particular attention. Towards tlie 
entre of tlit 1 transition series. where high metal valenries are 
possible, a tendency exists for the number of bonding electrons t" 
equal half the effective co-ordination number. It i- suggested that 
the alloying characteristic* and crystal structures of the transition 
elements arc dictated by tie* -lability <*i thi- arrangement, which 
permits the maximum electron re* -nance contribution to the bond 
-trength. lilt* r-titial atom* will, i>«r example. b< attracted elec- 
tr-'nicallv to structural defects in tungsu n or molybdenum but not 
to tantalum, which i- to the 1* r t of Group VIA. Ditterences in the 
ductility of tungsten and tant ihun * an tlm* U* explained. 

Accurate analytical teGini'iue- ,uv e--e|itial it the elie* t> o| 
interstitial impuritic- are to b* pp-periy evaluated. L’ntil fairly 
recently tin- classical vacuum tu-io»i te« hnicjue ha* been considered 
above repro.nh but isotope dilution technique* give -lgmticantlv 
hitle r oxygen and nitrogen value- than thi-. and Pearce «v Ma--oii 
i m J) conclude that vai mini fu-i» n re-ult- for h»w oxygen values an 
-eriou.-ly in error. 

One of tie- more interesting secondary feature- of the general 
pattern of development ha- been the increasing us<- of, and interest 
in, physical and eledrira] mea-urenients ff >r following trail-- 
formation- or a— r**ing m« talhirgical condition*. Parti* ularlv 
-* rif-us problem- are rai-ed by the number of <nu!ereuce- and 
volume of literature ..n the magnetic piopertie- of metals and 
; ilov- I see >ii]>pl»-ment irv Bibliographvj. I he single domain theory 
dominate- most of the work on high rof-p-ivity allov-, and tic 
construction of permanent magnet- from fine powder* stems logic- 
ally from this tV[H: of conception. A theoretical studv bv Stacey (J) 

< asts doubt- on the complete validity of the presently accepted 
-ingle domain in« lu-ion theory, which does not explain win 
thermal agitation should not < au-e spontaneous decay of remanem a- 
in a very short time. 
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The measurement of residual electrical resistance at low tem- 
peratures is a sensitive method of studying impurity levels, 
vacancies, dislocations and lattice deformations ( 4 ). Differences in 
impurity level which would be difficult to detect by conventional 
techniques are simply demonstrated by comparing the respective 
resistance ratios at the boiling points of hydrogen and nitrogen 
(5-7). The practical implications of this technique have not yet 
been fully appreciated. 

Fatigue 

Some materials harden under cyclic strain conditions, while 
others soften. Keren t studies of the relationship between strain 
hardening and fatigue have resolved some of the anomalies and 
remarkably unanimous results have been reported. Thus, fully 
annealed material invariably hardens during fatigue until a fairly 
constant hardness is achieved. Providing the tests are carried out 
at constant stress the extent of hardening is largely independent of 
the stress level (#) and occurs with polycrystalline material during 
the first few thousand cycles. While Ebner & Backofen (9) reported 
saturation in single crystals of copper after 2000 cycles, Kemsley. 
with polycrystnlline copper, did not achieve steady hardness values 
even after 10 4 cycles (10). Crack formation was associated with the 
onset of saturation (0) but Kemsley reported that failure did not 
occur before fairly constant hardness values had been arrived at. 
'Pests at constant strain amplitude (11) indicated that fatigue failure 
frequently prevented the attainment of a steady hardness. 

The applied stress is the factor which determines whether work- 
hardened material softens or hardens during cyclic stressing. If the 
cyclic stress is below a critical value, work-hardened material 
softens and fully annealed material hardens until both materials 
approach a similar hardness value (10, 11). The recovery induced 
by cyclic stressing is reflected in lower tensile strengths and 
sharpened A*-ray diffraction patterns. 

The hardening induced by fatigue is different in character from 
that caused by unidirectional deformation (6’, 10, 12). Softening 
temperatures are higher, and the shape of the annealing curves 
suggest the possibility of a multi-stag** recovery process. Fatigue- 
hardened copper has creep properties at 300° superior to those of 
copper statically work-hardened to the same extent (8). Precipita- 
tion experiments (73) have demonstrated in a striking manner the 
differences between cyclic and unidirectional hardening. 

While cold rolling did not alter the character of precipitation 
from a supersaturated aluminium magnesium alloy, fatigue har- 
dening modified the Widmanstatten structure normally observed 
to a very fine dispersion. Holden (12) found that fatigue hardening 
completely suppressed the yield point phenomenon exhibited by 
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annealed mild steel specimens. Hruum Ham (I f), who reported 
pronounced yield-point effects in fatigue-hardened single crystals 
of copper, observed that grain boundaries would probably obscure 
the effect. Static tests on single crystals, carried out after fatigue 
hardening at room temperature, showed that deformation in the 
regions between striatums began at stress levels higher than the 
maximum >tre>s supplied during fatigue. Holden reported that 
the initial deformation occurring after rwlic hardening resulted 
from slip winch was restricted t • zones which had been active 
during cycling. The agreement between these results suggests a 
clear line of demarcation between the properties of the fatigue 
striations and those of the relativelv hard matrix. The vield-point 
etiects indicate that point defects form obstacles to dislocation 
movement in cyclically hardened material, which exhibits slip 
phenomena similar to those observed in irradiated metals (S, 1'J). 

Negative strain rates s.nncunus occur on unloading in creep 
experiment' on polycrystalline metal specimen.'. Tin* cltret. which 
does not occur in single crvstaU, \< often explained in terms m 
grain boundary behaviour ->r the uneven de formation of a jmlv- 
crv'talliue aggregate. By applying cycli- stresses ranging up I" 
4-o kg. cm.- Meh ka v\ 1 >nn n I-h induced apple- u.d>|e tv< overv into 
single < ry'tals - -f /ine. thus '■r.gg'-tir.g that tin- 'after eiiect' had it> 
origin in the grain interior. Re- -verv halt' d when th>' fatigue '•tie" 
was removed. 

Although grain 'S/<- ha> a - •-Us’der.ible influence upon tic 
cleavage Ira tun- ol m.iteri d' test. d under static teii'de conditions, 
rotating beam tests . ,n pojv rv'talline zinc (Id) showed no c<>r 
relation between enduivn- * limit' and teri'ih- fracture results. The 
Jinding' of NbT-ka -A Dunn I ) 'Ugg. 't tint r v lie >tivsMs can 
impart mobility t-> dido, .iti-n } >il« - - 1 : j . tlui' pieveiiting high 
stress , .ricrntratioH'. '<» that aiiv t «-n* v toward' gram si/.- 
dependeiv* would b< mmimi'«d. Ib-khn's i/g, results tend to 
'iipport tub hypothesis. 1 atigu- haidene i -t< - I suh.n|uentlv 
tested under 'Uti- t* ndD < oiiditions exhibited it' original grain 
'ize dependem e. ».-v*-n though deformation w.i' restricted to /.mu * 
which had been a- tiw during « v« ling. ThU', in the .ilw-in r ot t( 
cyclic stress nothing prevents rim di'lo*ation pile-up reijuired lot 
grain size depend-h' »*. 

In contrast to the 'Dialled w-u k on fatigue hardening, tin la- lot's 
immediately preceding and leading t-» fr.it tin*- have bn n lather 
neglected. < ra< k formation >>< mu s, dm mg the m 't a of the total 
fatigue he* and mieriuedl.lfe aime.dmg ll.is no rite, t Upon tile 
number of « v* l* s to failure di). Kun wim push pull condition' 
ensure a uniform -.tres., distribution mvr the < ro's-sn tiou. crack' 
originate at the hee surface and are an iterated bv atmospheric 
condition- 1 17). (oatin s of long-* bain polar sub'tann , greatly 
increase th»* fatigue strengths of steel, magnesium and hnvlliurn 
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copper alloys (IS). The tightly packed monolayers lormed on the 
metal surface by the polar compounds are thought to act as 
barriers to water and oxygen molecules, compounds having 12 
carbon chains providing the optimum conditions; although the 
type of polar group is less important than the number of carbon 
atoms in each molecule. The presence? of oil on the surface of a 
fatigue specimen has a harmful effect (ISa), but this can be partially 
or completely eliminated by protecting the surface with rubber or 
neoprene. Specimens so protected and subjected to static triaxial 
compression are more resistant to additional fatigue stresses than 
those tested under normal atmospheric conditions, probably 
because material subjected to triaxial tension is less resistant to 
fatigue. 

Fatigue failure at low stresses seems to be caused simply by the 
notch effects which originate when slip bands reach a free surface 
[19). With the aid of a simple taper section technique, Wood 
concluded that point defects facilitated the formation of fatigue 
fissures by extension of the notches produced at the head of a slip 
band. Mott (20) proposed that dislocations which moved in one 
direction along a certain path and returned by a different one, so 
maintaining a fixed circuit, could lead to surface extrusions or 
intrusions, but the possibility of return journeys along paths which 
are randomly varied over a width comparable to that of the slip 
band has also been suggested (21). This random slip results in 
surface roughening and consequent stress concentrations which 
confine subsequent, slip to surface valleys. The mathematical model 
set-up suggested that 1*3x10* cycles would be required for a 
surface vallev to develop into an incipient crack. As the number of 
cycles needed to induce failure is at least twenty times that 
required to induce incipient cracks (//), the mathematical basis 
may need considerable modification. 

The sub-structure developed by fatigue has been directly studied 
by thin-lihn electron-microscopy (~~). Dislocation arrays similar 
to t f lose produced by polygon isat ion were observed, and serrated 
grain boundaries were a characteristic feature. A cellular network 
of dislocations was typical of fine double slip. Heavy defect con- 
centrations on some sub-boundary zones might have been embryo 
voids or cracks, 

Thermal fatigue studies (23) show that heating shocks are more 
damaging than cooling shocks between the same temperature 
limits. The cracks produced originate at the surface, are inter- 
crystalline, and exhibit the characteristics of creep rather than 
fatigue failure. Air accelerates thermal fatigue failure, and greater 
endurance is achieved in an inert atmosphere. 

Creep 

Problems of grain boundary behaviour dominate much of the 
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recent research on creep, although the results appear as yet b> have 
few practical implications, lutrater Machlin s work on copper 
bicrystals (^-/) permits a clear distinction to be made between ‘pure’ 
grain boundary sliding and sliding which occurs by plastic shear 
deformation in a zone adjacent to the grain boundary. 'Pure' grain 
boundary sliding occurs by a series of extremely rapid jumps of 
about one micron. Intercrystalline cracks are formed after testing 
in vacuum, and isolated intererystalline voids after testing in 
hydrogen. The area covered by these voids and cracks increases 
with the extent of sliding. Zone shear is two to three times as rapid 
as pure sliding. It produces more voids and the incubation period 
in zone shear is absent in grain boundary sliding. 

Considerable difficulties are involved in extending results of this 
type to polycrystullinc aggregates. The relative importance of 
grain deformation and grain sliding during the tensile creep of 
aluminium has been studied by Kachinger (£J). At dot) the surfaces 
of polycrvstalline specimens deform by grain elongation, while the 
interior deforms by sliding. Observations of the surface grain 
boundary movement are unlikely, therefore, to be representative 
of interior movement. This effect G of most consequence in line 
grained material, where the sliding of individual grain boundaries, 
although small, contributes a high proportion of the total elonga- 
tion (3?6‘). Such conclusions diminish t he value of Brunner <\ 
Grant’s careful study of grain boundary sliding, which depended 
upon external microscopical examination (•/). These authors found 
that grain boundarv sliding, which increased with temperature, 
could account for up to 1')",) of the total strain observed. The pro- 
portion of grain boundary sliding to total elongation decreased as 
the stress and total elongation increased. If little correlation be- 
tween interior and exterior grain boundary movement exists, 
Retoucher's { 2S i elegant device for creep-testing noble metal 
specimens on the hot stag*- of a microscope will he of limited 
utility. 

Grain boundary migration minimises or even prevents void 
formation in some instances. Topper tested in vacuo under con- 
ditions of low boundary mobility gave intererystalline fractures 
and low elongation. At higher temperatures, when grain boundary 
migration was rapid, ductile trans* rvstalline fra* lures resulted (W). 
The function of oxygen or oxide in retarding grain boundary 
migration has also been emphasised, and in lead (30) segregation of 
oxygen to the grain boundaries appears to be a controlling factor. 
When grain boundary movement in pun- chromium was hindered 
by oxide particles (31) the resultant stress concentrations opened 
up nuclei cavities which grew to form rounded voids. Seigle (32) has 
advanced a hypothesis to account for tin* intererystalline cracking 
which occurs w hen no boundary sliding or shearing can he detected. 
Based upon a flow’ of vacancies from grain boundary to crack edge, 
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the mechanism must be distinguished from earlier theories because 
of its emphasis upon the role of grain boundaries as vacancy 
sources. 

The general tendency to attribute practical improvements in 
creep resistance to strengthened grain boundaries must be viewed 
against this background, and considerable confusion still exists. 
By heat treating Nimonic 80A type alloys so as to produce a coarse 
grain-boundary carbide segregation, Weaver (33, 34) obtained 
improved high-temperature properties. The large particles of 
carbide, it was postulated, restricted the cavities formed by grain 
boundary sliding and prevented them from spreading. Their 
effectiveness in preventing triple point cracking at high stresses 
could be interpreted in terms of Stroh’s formula for cleavage 
fracture, or by Inglis' treatment for crack growth (59). Other 
workers have found, however, that continuous grain-boundary 
precipitates are definitely harmful (36) and reduce fatigue, ductility 
and impart properties. The decisive factor, the ratio between 
carbon content and grain boundary area, was neglected by Weaver, 
whose conclusions on the effect of trace additions of boron and 
zirconium conflict with those of Decker & Freeman (36). The 
beneficial effects of these dements are attributed by the latter 
investigators to the fact that they retard the agglomeration of 
carbide particles at the grain boundaries. Weaver suggests that 
carbides, boron and zirconium operate on the grain boundary in a 
complementary manner whereas Volk & Franklin suggest a simple 
strengthening effect (37). Larger quantities of boron improve the 
high-temperaturc properties of cast austenitic alloys, and above 
800° the network of borides which adversely affect room-tempera- 
ture ductility become relatively mobile and capable of following the 
flow pattern of the matrix (33). 

Creep tests on iron under fluctuating temperature conditions 
emphasise in a spectacular manner the decisive influence of grain 
boundary behaviour (39). Commercial iron was heated under con- 
ditions in which the carbon-rich grain boundary regions in the 
centre of the gauge length remained in the /-range throughout the 
experiment, while the grain -boundary regions in the cooler parts 
of the specimens underwent repeated a- to /-transformations. This 
resulted in the formation of two necks, symmetrically disposed on 
both sides of the hot zone. Pure iron of low carbon content, tested 
under the same temperature and stress conditions, developed one 
neck only at the centre of the test piece. 

Intercrystallinc voids in iron and nickel-chromium alloys are 
initiated during the primary stage of creep, as shown (40) by 
tensile testing at room temperature after the various stages of 
creep had been arrived at. A sharp decrease in plasticity was 
observed in material which had just entered the secondary creep 
stage. Although cavities were not observable when the creep test 
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had boon interrupted after the primary stage, room temperature 
tensile testing revealed the presence of micro-pores at or near to 
the grain boundaries. If appreciable secondary creep had occurred 
small defects were visible even before tensile testing. 

Attempts to improve the ductility of beryllium have usually 
involved the production of highly pure metal, but above I (Mi 
impure beryllium can be rendered more ductile than the pure 
material (41) by lengthy solution treatment of extruded ingot 
material at 780'. followed by slow cooling to room temperature 
over 1*20 h. The improvements probably result from the selective 
precipitation of some impurity round the grain boundaries. 

The observation of Christy (4'J) that the activation energies for 
both creep and diffusion (44) are greatly increased bv hydrostatic 
pressure can be explained in terms of the volume increase due to 
the defects responsible for diffusion, and offers additional evidence 
in favour of the well-established dislocation climb mechanism. 
Bystrov tf al. (44) concluded that the activation energy associated 
with steady static creep was equal to the sum of the energies for 
self diffusion and for the formation of excess vacancies, although 
the true relationship between creep and diffusion is still unfor- 
tunately rather obscure. While Lee v \* Maddin (/•>) found that 
torsional deformation increased self-diffusion rates in single crystals 
of silver by factors as large as loo. other investigators (If ) I have 
been able to detect little or no increase in the rate during conditions 
of tensile or compressive strain. Similar r..nrhi>i«<ns were arrived 
at by Christy (/2), who calculated that the theoretic. d increase in 
vacancy concentration during deformation was smaller bv several 
orders of magnitude than that which muld he needed to account 
for some of the im rra>ed ditui'inn rates reported. 

A pronounced inerea-a* in creep rate occur* during the process of 
ordering at temperatures below tlie critical value (41). The acti 
vation energy for creep in the ordered lattice is greater than that in 
the disordered lattice. These result-, obtained on Ni 3 l*V, Mtppori 
the dislocation climb mechanism, and *ugge*t that the diffusion of 
vacancies associated with this proce** i* nnUotropir with regard to 
-lip band orientation. 

The influence of strr** on the rate of creep in the dislocation 
climb range is more difficult to interpret than that of temperature, 
as the effect of a stress change is primarily dependent upon the 
substructure previously developed (4S). Thus, if the applied stress 
is suddenly decreased, the initially high creep rate diminishes 
gradually as the dislocation arrays thin out by climb. An increase 
to the secondary f ree]) rate appropriate to the induced stress occurs 
as the original dislocation barriers rerover and are replaced by -i 
more widely spared array. The creep rate may Ik* controlled either 
by the actual climb of the dislo< ation or by a number of mirrocrrrp 
merhnnisms. Theoretical consideration- predict that in a pure 
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metal the creep rate, being controlled entirely by dislocation climb, 
should vary as the 4*5 power of the stress (49). Because of the 
number of microcreep mechanisms available, an alloy is more 
likely to exhibit a third-power dependence. Dilute alloys of lead 
and indium behave in a manner which confirms these predictions 
(49). As the alloying content increases, the stress exponent falls 
from 4-5 to approximately 3. The activation energies associated 
with the hot deformation behaviour of pure indium and lead are 
those of self diffusion; at temperatures higher than 0*6 of the 
absolute melting point dislocation climb is the limiting process (59). 
Small holes such as those existing in a powder metallurgy product 
can, by acting as vacancy sinks, increase the rate of creep con- 
siderably (51). At fairly low temperatures, when the rate of arrival 
of vacancies is the slowest process, the size and efficiency of the 
voids is of little importance. 

The experimental difficulties encountered during creep testing 
at temperatures above 1000° are considerable (52), and undue 
emphasis upon the purely technical details of this type of work 
frequently obscures the value of the reported data. Thus Mordvke 
(53) does not report on the grain size or purity level of the refractory 
metals he tested in spite of the sensitivity of these materials to 
interstitial contaminants, although in a later paper (54) on iridium 
of known purity lie reported that above 1600° the fractures of 
iridium were completely transcrvstalline and considerable grain 
boundary movement occurred. 

No radically new method of deducing long-period creep and 
rupture properties from the results of short-term tests has yet been 
achieved, although considerable attention has been devoted to this 
problem (55-57). The Larson-Millcr parameter can compensate 
for variations in strain rate, and permits the time-temperature 
function to be considered as a modified temperature (55, 57). Hot 
tensile, hot hardness and creep rupture data can all be neatly 
incorporated on to one curve by using this parameter, and the 
sharp discontinuity in the resultant curve demonstrates con- 
vincingly that the 'oqnicohesivc point', which separates high- and 
low-temperature deformation behaviour, is invariant when strain 
rate effects are accounted for (-5-5). 

Although these results are of practical rather than theoretical 
importance, it is perhaps significant that the most effective methods 
of correlating time and temperature effects arc based upon the 
Arrhenius rate equation. Conrad (56) has demonstrated that the 
successful Manson-Hnfcrd parameter, usually considered as an 
empirical function, represents a special form of a rupture equation 
developed on the basis of high temperature deformation as a 
diffusion-controlled process. The activation energy associated with 
the failure of Nimonic 90 is approximately equal to that for the 
self-diffusion of nickel or cobalt, while that of Nimonic 80A may 
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possibly be equated with the diffusion of aluminium within this 
alloy. 

Structural changes which result in density changes can more than 
compensate for certain low creep rates. Fountain & K archinsky 
(aA 5 ) have demonstrated that the shrinkage caused by precipitation 
from iron-tungsten or nickel-molybdenum alloys compensates for 
low steady-state creep-rates in tension. In order to maintain 
constant strain during stress relaxation tests a gradually increasing 
load was required. This observation may be of practical importance 
in high-temperature bolting applications. 

High hydrostatic pressures 

Experiments ( 00 ) on the effect of pressure on the melting-point 
of iron, within the range 1-%,00U atmospheres, suggest that the 
boundary temperature » »f the earth's core is 2 .‘MO - 200". The 
critical shear stress also increases with pressure, being, in the case 
of tin, for example, nearly six times as high at 150 as at 50 tons 
sq. cm. ( 01 ). At 3u0 tons sq. cm., shear strengths approach that of 
the perfect lattice ( 02 ). The shear stress-strain curve of brittle cast 
iron rises considerably as the pressure increases except for a dis- 
continuity in the pressure dependence between 24 anil 35 tons, 
sq. in. Above this discontinuity cast iron behaves as a ductile 
material ( 03 }. The llow stress increases with pressure in all recorded 
instances with the exception of single crystals of nickel ( 04 ), but 
the increase is larger than that predicted from the change in shear 
modulus with pressun*. The existence of a linear dependence 
between true strain and pressure has been demonstrated by tensile 
tests on duralumin, iron, and various steels at pressures up to 
2h,00(J atmospheres ( 00 ). While this linear dependence is not con- 
firmed by other workers there is no doubt that the true strain to 
failure i- enormously increased by hydrostatic pressure. The work 
hardening resulting from hydrostatically induced plastic deforma- 
tion is more uniform than that existing in mechanically strained 
specimens, which is partly attributable to minimised surface 
friction effects ( 00 ). Single and polycrystalline metal and alloy 
specimens work-hardpn more rapidly under hydrostatic pressure 
than under simple mechanical straining ( 04 , 07 ), and improved 
mechanical properties at atmospheric pressure can be achieved. 
Hydrostatic pressure has no effect upon deformation twinning in 
zinc, tin: incidence of which is determined purely by the operative 
shear stress ( 04 ). 

To achieve reproducible high-pressure test results the surface of 
brittle specimens must be protected with an impermeable him of 
rubber or Neoprene ( 03 ), since under high pressure fluid penetrates 
into the incipient surface cracks of unprotected specimens and 
cau-i > premature failure. The criterion of failure ill brittle materials 
depends on the volumetric compression stress. When this is 
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appreciably greater than unity, failure begins at a critical value of 
the shear stress. Tor negative or small positive values of volumetric 
compression, failure occurs at a critical value of the maximum 
tensile stress (03). Inter-crystalline failure during tensile creep 
testing can be avoided by the application of a hydrostatic pressure 
greater than the applied tensile stress (OH). The results obtained 
with copper tested at 4U0-500 C suggest that pressure inhibits the 
growth of void nuclei at grain boundaries. 

Current production developments involving plastic deformation 
reflect the practical implications of this theoretical work. Attempts 
are now being made, for example, to extrude brittle materials 
which, when handled in the normal way, are so badly cracked that 
the product is useless (09). By carrying out the extrusion inside a 
chamber which can be pressurised up to 60 tons/sq. in., billets of 
magnesium and bismuth can be reduced cold by a factor of 3*16 to 
produce rods and tubes of high surface finish. Higher fluid pressures 
are required to achieve satisfactory results with 60/40 brass (70). 
Another recent proposal to minimise the tensile stresses which 
cause surface cracking during extrusion adopts a rather more crude 
approach (71). A back pressure, exerted in a direction opposite to 
that of the extrusion ram movement, is applied over the whole of 
the cross-section of the leading end of the extruded product. Inner 
and outer layers of the issuing material arc thereby restrained from 
moving at different speeds. 

The logical development of such processes is true hydrostatic 
extrusion in which the rigid ram is replaced by a liquid under 
pressure (67). The metal emerges, not into the surrounding atmo- 
sphere, but into a vessel in which a high hydrostatic pressure is 
maintained, for which are used liquids which do not solidify and 
whose viscosity does not increase with pressure. The transition 
from static to dynamic extrusion conditions is pronounced, being 
accompanied by a large, sudden decrease in the pressure required. 
The energy stored in tiie high-pressure fluid accelerates the ex- 
truded metal, which leaves the die at several hundred metres per 
second. Extrusion pressures for pure aluminium arc reduced by a 
factor of approximately four. This decrease is attributable to the 
elimination of friction between billet and container walls. 

Conditions at the interface between the deforming tool and the 
deformed metal during working operations are receiving particular 
attention. Matters can be so arranged that lubricant is trapped 
within the tool/metal interface: the work is deformed largely bv 
fluid pressure and matt, non-rcflective surfaces are produced (72). 
Anomalously low coefficients of friction are measured in such 
processes (73). By rotating the deforming platens, thus inducing 
slipping at the tool/work interface, similar effects can be obtained 
(74). The reduced coefficients of friction ensure more uniform 
deformation and a reduction in the total load required. 
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Explosive forming, at piesent being investigated largely on an 
empirical basis (see Supplementary Bibliography) depends upon 
the combined effects of hydrostatic pressures and high strain rates. 
Deshpande & Singh have made a detailed met allographs study of 
slugs emanating from the cones of hollow charges tired into water 
(To). Differences between the extent of the deformed zone in steel 
and copper slugs are attributed to the differing thermal con- 
ductivities of the two materials. Copper targets attacked by shaped 
charges at room temperature and at --7.V do nut. in contradiction 
to the low- temperature observations of Blewitt. exhibit any 
deformation twinning (76*). Double-acting powder presses, activated 
by an explosive charge, have been used to produce metal compacts 
containing a ductile bonding medium (77). 

Refractory metals 

The current demands of the rocket and aircraft industries pro- 
vide a powerful stimulus for the development of refractory alloys. 
Because of the insistence upon high-tcinpernturc properties little 
interest is being displayed in unalloyed molybdenum, niobium, 
or tantalum for structural purposes, although pure tungsten is 
likely to be used in sheet form (7A). Elevated temperature strengths 
decrease in the order tungsten-, molybdenum*, tantalum- and 
niobium-base alloys. On the basi> of strength-to-weight ratio this 
order changes to molybdenum*, tungsten-, niobium- and tantalum- 
base alloys (70 j. Spirited competition between niobium- and 
molvbdenum-bas.e alio vs for leading-edge applications lias been 
reported bv J alter d al . (7<Y). Tungsten- and tantaluni-ba-e alloy* 
are employed a> forgings in rocket motors. 

In spite of this empirical bias, detailed studies of the relatively 
pure metals have provided valuable information on the deformation 
and fracture of the bodv-rmtred cubic transition elements. 
Coarse-grained niobium with a sufficiently high interstitial impurity 
content has a well-defined transition temperature (70a). Johnson 
lias shown that the tensile yield stress of fairly high-purity niobium 
is independent of grain size, while molybdenum displays in a pro- 
nounced manner the inverse square root dependence upon grain 
size predicted by Stroll (HO). This result implies that dislocation 
locking in niobium is negligible compared with that in molyb- 
denum. Small quantities of hydrogen, which result in strain 
ageing, restore some degree of grain size dependence to niobium, 
the effect again being attributable to dislocation locking (<S7). 

Limitations of the powder metallurgy technique have been 
accentuated by the demand for large alloyed ingots, and pro- 
duction, with certain exceptions, is generally undertaken by 
vacuum arc or electron bombardment melting (/<?, H2 H4). These 
c<ild mould processes yield ingots having large columnar grains. 
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Because of the low grain-boundary area available, interstitial 
impurities have to be reduced to levels much lower than would be 
tolerable in a powder metallurgy product. High-vacuum processes 
facilitate the attainment of this high degree of purity, which can 
also be achieved by small additions of rare earth elements such as 
cerium, yttrium and lanthanum (83, SO). Knapton, who has 
reported on the niobium rhenium (87a) and niobium zirconium 
systems in some detail, concludes that strain energy contributions 
may account for differences in the constitutional behaviour of 
certain tantalum and niobium alloys (87b). Haworth (##) surveys 
the formation of intermediate phases in alloys of the refractory 
transition elements, while Goldschmidt (89), who has investigated 
the niobium chromium-silicon and niobium-boron-molybdcnum 
systems, stresses the importance of miscibility bays in solid solution 
diagrams as a means of obtaining age-hardening effects. 

Pure niobium, although ductile and readily weldable, has 
mechanical properties at high temperatures inferior to those of the 
other the refractory metals (79, 90 - 92). Many of the niobium alloys, 
which are comparable in strength h> those based upon tantalum 
and molybdenum, forfeit much of the ductility of the pure metal 
(78), the two most effective strengthened being vanadium and 
zirconium, which tend unfortunately to reduce high -temperature 
durtilitv (79). Because of their low transition temperatures, alloys 
of the general composition BU niobium, 30 tantalum and 10% 
tungsten have more promising characteristics, and display an 
unusual combination of high room-temperature impact strengths 
and high tensile strength at elevated temperatures. If alloys having 
impact transition temperatures higher than 200° are rejected, 15% 
of tungsten and 1% of molybdenum represent the practicable 
alloying limits (78). The mechanical properties of niobium-based 
alloys, most of which are commercially available, have been sur- 
veyed by Lenient cY Perl mutter (79). Titanium improves the 
workability and oxidation resistance but reduces high-temperature 
mechanical properties. This tendency is compensated for by the 
use of relatively large quantities of tungsten (91). 

Although niobium lias a low neutron cross-section, heavy 
irradiation results in greatly reduced ductility (92). A flux of 10 20 
neutrons per sq. cm. reduced the elongation of material tested by 
Makin & Minter (93) from 17 to 2%. Annealing restored the dis- 
continuous yield point. The same activation energy, H) e\\ is 
associated with the recovery process over the temperature range 
NO -l 20" tif both plastically deformed and neutron -irradiated 
niobium (80). 

High-purity tantalum can be produced by thermal decomposition 
of the iodide (94) or by vacuum-arc melting material to which 
suitable quantities of carbon have been added (93). The purity of 
zone-melted tantalum is faithfully reflected in its room-temperature 
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electrical resistivity (96), although hardness testing offers a simpler 
and more sensitive indication of interstitial impurity content (0?'). 

Although 0*1% of carbon improves considerably the high- 
temperature properties of tantalum, the most effective method of 
strengthening is by the addition of relatively large quantities of 
tungsten, hafnium, niobium or vanadium, all of which go into 
solid solution (79). A practicable working limit for electron-beam 
melted material is 15% of tungsten (&?). Small additions of titanium 
and zirconium in conjunction with carbon provide significant 
dispersion-hardening effects in these alloys. 

There is unanimous agreement that deformation and neutron 
irradiation produce the same type of defect in tungsten (OS). Over 
the temperature range 300-150 5 an activation energy of 1*7 eV is 
associated with the annihilation of the vacancies so produced. 
Single crystals of tungsten produced by floating zone refinement 
can be strained appreciably at room temperature without failure 
(09). Between 77* and 2^ K plastic deformation occurs by slip or 
by twinning un {ll2} planes. Room-temperature deformation is 
confined to <1 1 1> directions «*n either { 1 1 1 } or { 1 1 2} plants (99). 
Transmission electron-microscopy confirms that the principal 
characteristics which ductile specimens of tungsten have in com- 
mon is an absence of grain boundaries (WO). Although low angle 
boundaries do not cause brittleness, polygonised material fails bv 
cleavage (101 j, and it seems probable that fracture in sufficiently 
pure tungsten occurs by cleavage, but is initiated at a grain 
boundary, the inference being that precipitates act as stress 
concentrators. Leber ( 102) used a modification of the Berg Barrett 
double crystal A'-ray diffraction technique to analyse the lattice 
plane distortions of an arc-cast tungsten grain. Distortions (in 
specimens of purity not given) were due to the combined effects 
of subgram formation and lattice curvature. T he complex sub- 
boundaries contained varying proportions of edge and screw type 
dislocations. 

Braun ex Sed'latschek’s (103) survey of solid-state dcoxidants 
casts doubt on the assumption that the brittleness of tungsten is 
due primarily to grain-boundary oxide precipitation. Although 
boron deoxidised the metal to a very high degree, no relationship 
between oxygen and mechanical properties could be established. 
Thoria was the most effective of the refractory' oxide additions, 
but zirconia was rather easily reduced by tungsten at high 
temperatures. 

Very pure tungsten ran be obtained by arc melting in Vacuum, 
or under a low pressure of hydrogen (&?}. This material can be 
extruded at 1650" and subsequently hot forged and rolled. Oxygen, 
nitrogen and hydrogen contents are all less than J p.p.m. and the 
recrystallisation temperature is in consequence very low. Although 
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traces of impurities have long been known to increase the re- 
crvstallisation temperature of tungsten, the optimum results are 
not obtained unless certain combinations are present {104), thus 
suggesting that a discrete compound phase is responsible for the 
improvement. Neimark & Swalin's recent study (98b) suggests that 
the low-temperature recovery of tungsten is primarily influenced 
by dissolved interstitial impurities rather than a discrete phase. 
It is unlikely that recrystallisation and low-temperature recovery 
arc controlled by the same factors, and a second phase must neces- 
sarily be in equilibrium with a saturated solid solution. The two 
mechanisms proposed are therefore by no means contradictory. 

Relatively pure tungsten will resist stresses of about 10)0 p.s.i. 
for 200 minutes at 2800° and about 4000 p.s.i. for the same time 
at 2 250 2 (10$). Ductility is reasonable, failure in tension occurring 
by intergranular fracture over this temperature range. Between 
H80 and 1205 greater ductilitv lias been reported by Pugh (406). 
Recent surveys by Tietz (107) and Austin (108) emphasise the lack 
of data on tungsten alloys and the effect of specific alloying 
additions upon the ductile, brittle transition temperature. Of the 
alloys so far evaluated, that containing 0*1)%, of niobium and 
0-1% of zirconium appears most promising (79). It is not known 
whether the improvement is due to solid solution or diversion 
hardening. 

The ductility of molybdenum at room and lower temperatures is 
profoundly influenced by its carbon content. Refinement by the 
floating zone technique lias shown that the 5 ft. -lb. transition 
temperatures range from —180 'with 0-001% carbon to —40' with 
0-008% carbon. Slight notching increased the transition tem- 
perature of the. 0-001% carbon crystals to 230" (409). As the lowest 
impact transition temperature for normal notched polycrvstallinc 
molybdenum is 350', even this result is encouraging. Carbon is 
intentionally added to remove oxygen during arc melting, but the 
alternative use nf lanthanum and yttrium has been suggested (59). 
These rare-earth metals have a high affinity for oxygen and are 
virtually insoluble in molybdenum, any slight excess being readily 
removed by zone refining. The transition temperature of re- 
crystallised molybdenum is always well defined, but progressive 
cold working extends the transition over an increasing temperature 
range. Heavily t'o Id -worked molybdenum sheet is, therefore, 
relatively ductile (110). Fracture at temperatures well above the 
transition temperature appears to he due to the joining of many 
cracks which grow co-operatively in a narrow baud across the 
specimen. Grain boundaries are sufficient to prevent crack propa- 
gation, tlic final stage of fracture being one of shearing at or near 
the grain boundaries (111). 

Although detrimental at low temperatures, carbide dispersions 
can considerably improve the high-temperature properties of 
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molybdenum alloys (112). while optimum effects are achieved in 
alloys containing small additions of titanium or zirconium. Suffi- 
cient titanium must be present for the formation of titanium 
carbide rather than molybdenum carbide, which is much less 
stable, and massive particles of it result in diminished creep 
properties. 

It is unlikely that pure molybdenum will be used for structural 
purposes. Alloys containing approximately 0*n° o of titanium are 
approximately twice as strong as pure niolvbdemnn between 900 ‘ 
and 12 *hV (7<S, 773), and zirconium additions are similarly effective 
(114). Neither the pure metal nor the alloys provide ductile fusion 
welds. 

The must etfective method <>f obtaining ductile tungsten and 
molybdenum is to alloy with rhenium {//•>). Cast molybdenum 
allovs containing 33 -3S at.-",, < if rhenium can be ('old worked at 
room temperature. The boundary of good workability at 12(H) 
extends from 21 to 42 .it.-"., of rhenium. Tungsten alloyed with 
23-32 at.-”,, of rhenium can be readily worked at HMjn-, whih* the 
workable range at lloir extends from K s 33 at.-”,, of rhenium. 

The addition of .Vi% bv weight of rhenium reduces the transition 
temperature "f reervstallised molvbdeiiiim from room temperature 
to below liijuid-hydrogen temperature (lift). The transition tem- 
perature of re< iv-tallised tungsten is similarly reduced from 330 
to room temperature, a- the rhenium content increases to approxi- 
mately 27%. the limit of liability at 2300 (7/7). A further 
increase of rhenium content to 3o i ( , eliminates all the benefits 
achieved by raising the transition temperature to 230 . Jailer 
d al. (77Y) attribute these improved propt-rties to a combination of 
circumstance-. Thus the complex molvhdenum rhenium oxide 
formed does not wet the grain boundaries like the familiar molyb- 
denum dioxide grain-boundarv eutectic and its extreme volatility 
promote- a general decrease in oxygen content The improved 
low-temperature ductility is largely dm*, however, to the elimina- 
tion of dissolved interstitial impurities. This effect, demonstrated 
by the pronounced decrease in east hardness achieved by alloying 
molvhdenum, tungsten and chromium with f> at.-% of rhenium 
(773), can be interpreted in terms of Robins’ hypothesis (7), which 
predicts reduced interstitial solubilities in Group VIA metals as 
elements of higher groups are added. 

The serrated stress strain curves displayed bv these alloys are 
due to twinning rather than to interstitial effects. Rhenium pro- 
motes deformation twinning, and Feng (HU) reports that rhenium 
molybdenum alloys twin consistently on { 1 12} planes over a wide 
range of alloying compositions. The plastic strain at which twinning 
commences is inversely proportional to the amount of rhenium in 
solid solution. 
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Savitskii d al. (120) provide important data on the high- 
temperature properties of rhenium-tungsten alloys produced by 
powder metallurgy. \ he electrical resistivity of tungsten at various 
temperatures is increased several times by the addition of rhenium, 
and the ductile alloys will undoubtedly find wide electrical 
engineering applications. 

In accordance with Robins’ hypothesis tin: platinum group 
metals also appear to reduce the interstitial content of the re- 
fractory transition elements. By reducing the oxygen content of 
molybdenum to a level estimated at 5 p.p.in., additions of 0-1 at.-% 
of most of the platinum metals appreciably lower the cast hardness 
of the metal (121). Larger additions of ruthenium, osmium and 
platinum promote room-temperature deformation twinning in 
molybdenum, tungsten anti chromium, although these alloys have, 
unfortunately, higher transition temperatures than those of un- 
alloyed molybdenum. Additions of ruthenium and further binary 
additions of iridium or palladium do, however, decrease the bend 
transition temperature of relativclv impure cast chromium (122). 

Attempts to improve the ductility of the refractory platinum 
metals have not been particularly successful. Single crystals of 
rhodium, produced by lloating zone refinement, can be reduced 
cold by approximately in cross-sectional area (123) and 

subsequent annealing produces a brittle polycrystallinc wire. 
Vacuum fusion analysis by Allred ct al. (121) show that zone 
refining reduces the oxygen contents of ruthenium, platinum and 
rhodium to 7, < I and <2 p.p.m. respectively, and these values 
can be correlated with the relative ductilities. Although these 
workers report improved ductility in zone-refined ruthenium, Rhys 
found that zone-refined iridium or ruthenium could not be cold 
worked (125). 

The purity of rhenium, according to Churchman, has little effect 
upon its ductility (120). the high rate of work hardening being 
associated with the barriers formed by interacting prismatic slip. 
The cracking observed, which was intercrystalline and not cleavage, 
occurred when relative slip between grains was not possible. A 
temperature of 2500° is required to achieve complete recrystal- 
lisation in pure rhenium. 
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lx a subject of such complrxitv as corrosion, research at a funda- 
mental level seems to be a necessary nit*th< mI of attack. A deeper 
understanding of the mechanism «»t corrosion should eventually 
lead to more spectacular advances in methods of prevention. Tor 
this reason much of the contents of this chapter describes funda- 
mental work which should bear fruit in the near future. 

Immersed corrosion, passivity and inhibition 

The use of anodic passivation ha- been recommended as a 
practical means of controlling corrosion of steel in the chemical 
industry (/, 'L\. In laboratory studies an anodic passivation system 
with a hi^Ii current capacity has been shown to be eapable of pro- 
tecting standee steel and inild steel equipment used in contact 
with oxy-add-. caustic alkali-, aluminium sulphate and ammo- 
nium nitrate, although such protection is not possible in solutions 
containing halogen acids or salts. It i- claimed that laboratory 
studies ran be extrapolated with reasonable conhdenre to held 
performance. The method, using a newlv developed automatic 
potential controller, has been successfully applied in a snlphonation 
plant [$). A manually controlled passivation method had earlier 
been u-ad with satisfactory re-tilt- in alkaline digesters in the paper 
pulp infills try (•/). 

It has been suggested that the inhibition of corrosion of steel in 
neutral solution is initiated bv adsorption of inhibit ive anions at 
potentials above the zero-charge potential of the metal {/>), and 
support for this lias been gained from the aetion of sodium benzoate 
on steel rusting in NaCI solutions. The addition of the benzoate 
leads to inhibition (•>) only at potentials above a certain critical 
value regarded by some workers as being that of oxide formation 
(0 ) ; further work is dearly needed. 

m 
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Underground and microbiological corrosion 

From a study of polarisation curves for mild steel in pure 
cultures of sulphate-reducing bacteria, it has been shown (7) that 
the mechanism of microbiological corrosion originally proposed by 
von Wolzogen Kiihr & van dcr Vlugt (5), that is, cathodic de- 
polarisation brought about by the metabolism of the organism, can 
occur provided that the organism has an enzyme system capable of 
utilising elementary hydrogen. In the presence of sulphate-reducing 
organisms without such a hydrogenasc system (e.g., Desulphovibrio 
orientis) corrosion may be stimulated only by virtue of the effect 
at the anode of the hydrogen sulphide generated by the activity of 
the bacteria. 

An analysis of data (9a) from more than 150 bell-holes showed 
that moisture was present in greater amounts in the bottom of 
back-tilled pipe-line ditches than in undisturbed soil, providing 
adequate water for bacterial growth. The moisture content of the 
surrounding soil also has an important effect on the coating, 
coal-tar coatings taking up far less water than asphaltic coatings. 
Aerobic conditions and high bacterial populations adjacent to the 
coated pipe-lines indicated that soil bacteria were obtaining food 
material from the coating or wrapping materials, causing decom- 
position of these. In these conditions cathodic protection current 
requirements were higher (9b). 

The sources of potential difference between buried metal and its 
environment have been analysed (10). It is concluded that only 
large-scale couples can be detected by electrical measurement. 
Interference currents from neighbouring cathodic protection 
systems and stray currents from ground return circuits must be 
eliminated before searching for other sources of corrosion 
potential. 

The corrosion of iron by H.,S is of importance in relation to its 
corrosion in the presence of sufphatc-r educing bacteria. It has been 
shown (11) that the rate of reaction of iron and H,S in an 0 2 -iree 
system, in presence of NaCl, is controlled by the rate of diffusion 
of H*S to the metal; this rate is almost unaffected by the presence 
of an oil-phase. In the presence of good inhibitors the corrosion 
rate can be reduced to a negligible value, probably because they 
form a particularly efficient non-penneablc adsorbed film with the 
iron sulphide corrosion products. 

Instances have been known of breakdown of asphaltic or bitumen 
coatings due to root penetration, with consequent corrosion at 
these points on the underlying iron pipe due to bacterial action. It 
is of interest, therefore, to note that a search has been made for 
suitable poisons, to be incorporated into wool-felt servings, to 
prevent root penetration of the coating, triethyltin oxide being the 
most promising (12). 
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Cathodic protection 

Cathodic protection is now established as a successful method 
of corrosion prevention. Trends in its development are mainly 
towards more varied and efficient types of anode (for impressed 
current) and towards a widening uf the field of application; 
platinum anodes (13), silver -lead alloy anodes (14), and tantalum 
platinum and titanium -platinum bi-electrodes (lo) have been 
recommended. In laboratory tests, cathodic protection has proved 
of value in preventing cavitation damage on steel, stainless steel 
and copper (/6‘). It was shown that protection cuuld be obtained 
both anodically and cathudically provided that the voltage and 
current were sufficient to liberate gas at the* metal surface. This 
protection is possibly due to the cushioning effect of the electro- 
lytically liberated gas. Some success has been achieved in the 
cathodic protection of pro-stressed concrete pipe (17), always 
considered to be a difficult problem. A combined method of appli- 
cation of cathodic protection and anti-fouling measures has been 
devised (/#). It is somewhat surprising to note a claim for tin- 
prevention of atmospheric corrosion bv cathodic protection (///); 
tests were made in a high humiditv chamber using a modified 
cathodic protection method and a self-conducting paint as a 
medium of current transfer. 

Stress-corrosion and cracking 

There h increased interest in the theoretical and practical aspects 
of stress-corrosion {20). Emphasis is placed 1 21} on; (1) the relation- 
ship between stress and chemical reactivity: Cb the concept of 
embrittlement by localised corrosion; f.‘i) interactions between tin- 
initiation and propagation stages of cracking and the influence of 
crystallography; (I) the effect of specific allov compositions and 
chemical environment on failure mechanisms; fa) the application 
of dislocation movement to crack growth. 

Studies of stress-corrosion cracking of austenitic stainless steel 
(22) have shown that, after an initiation period, during which 
partial passivation but no ( racking occurred, local anodes cor- 
roded along certain narrow planes, resulting in cracking and ulti- 
mate failure. Cracks in austenitic stainless steels and magnesium- 
base alloys extended slowly and gradually, but in mild steel in hot 
nitrate solution crack propagation took place in alternating steps 
of rapid and slow penetration. The cracking of aluminium 4% 
copper and aluminium 1% magnesium alloys consisted of alter- 
nating stages of electrochemical corrosion and sudden physical 
failure. A novel feature of this work was the use of acoustic 
recording, employing a standard record-playing arm with the 
stylus in direct contact with the test piece, the amplified signal 
being transferred to a tape-recorder or loudspeaker. 
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l lie* resistance to cracking of austenitic stainless steels in strong 
magnesium chloride solution was found to increase with both 
nickel and silicon content but was generally unaffected by carbon, 
nitrogen, manganese, and chromium contents within commercial 
limits {23). The negligible effect of the carbon content (between 
0*014 and 0*1%) has been confirmed by other workers {24). 
Variations in heat treatment and surface conditions were relatively 
ineffective in changing the cracking times but treatments designed 
to apply an oxide film produced some improvement in the resistance 
to cracking. 

The behaviour of niobium-stabilised austenitic stainless steel has 
been examined at various stresses in chloride and caustic solutions 
of concentrations ranging from 100 p.p.m. to 75%, and at tem- 
peratures up to over 300x {23). The rate of stress corrosion attack 
was dependent upon all these variables. Attack by alkali hydroxides 
can be either inter- or trans-crystalline, depending on conditions 
of test. Additions of sodium phosphate or nitrite greatly reduced 
the rate of attack under all conditions of test, and it is possible that 
such additions may be effective under some operating conditions. 

Electron microscopy and diffraction techniques have enabled 
a correlation to be made between microstructure and stress- 
corrosion -fracture behaviour of hardened 12% chromium steels 
(20). When tempered at tif>0 c F these steels cracked at low stresses 
along networks of essentially untempered martensite in the prior 
austenite grain boundaries. Tempering at 1 X 75 c >' broke up the 
continuous martensite network and reduced stress-corrosion 
susceptibility but also reduced tensile strength. 

Tests on mild steel in caustic soda and nitrate solutions showed 
that grain-boundary corrosion predominated at long extensive 
stresses while at low stresses localised corrosion predominated, 
indicating the interchangeability of these two types of phe- 
nomenon (^r). 

Screening tests for materials for nuclear power plants have been 
described (2S). Stressed U-bend specimens were exposed in a tilting 
autoclave to both liquid and vapour phases of a synthetic boiler 
water solution of high pH, containing oxygen, phosphate and 
500 p.p.m. of chloride ions. Stainless steels with low carbon and 
nitrogen content were more resistant than niobium-stabilised 18-8 
stainless, while Inconel, monel, nickel and titanium were com- 
pletely resistant. Ferritic steels were crack-resistant but suffered 
pitting attack. Tests on a number of high-alloy steels and high- 
nickel alloys under conditions simulating those in a pressurised- 
water nuclear power plant, showed the high-nickel alloys to be the 
most resistant (29). 

The influence of protective coatings, stress level and tempering 
temperature on the atmospheric stress-corrosion of steels for air- 
craft and missiles has been examined (30). Tempering at U00°F or 
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higher, and the use of protective coatings that are anodic to stir l, 
can improve the resistance of very high-strength alloys. 

In an examination of the influence of polarisation on the nature 
of corrosion cracks in brass (31), it was found that insufficient 
cathodic polarisation increased the time to cracking. The c racks 
had blunted ends and tended to expand laterally across the grains, 
but on anodic polarisation the cracks were even narrower than in 
the absence of polarisation and the narrow slits at their ends were 
elongated. 

The stress-corrosion behaviour of an aluminium-7% magnesium 
alloy has been investigated to ascertain which types of grain- 
boundary are sensitive to corrosion (.£?). Large-angle grain- 
boundaries. normal to the tensile stress, are particularly liable to 
be attacked. Where heterogeneous efflorescence occurs, these are 
particularly prone to tissurise, and represent the initial inter- 
crystalline condition for subsequent intercrvstallinc stress -corrosion 
phenomena. 

The influence of metal ions in the corroding agent, particularly 
those of copper in trace amounts, on the <trcss- and intercrvstalline- 
cormsion of aluminium -7°,. , magnesium and aluminium -copper 
magnesium alloy- has been examined (33). With both alloys, both 
types of corrosion increased win n the metal ions in the corrosive 
medium had a more noble normal potential than that of the alloy. 
The preferential attack along stacking faults arising (hiring the 
electropoli-hing of copper alloys is considered to be related to th< 
formation of cracks in tlie-r alloys in corrosive media (34). 

A Perspex crack-model ha- been devised to investigate the 
movement of electrolyte into thin cracks 1 33). It ha-* been shown 
• 33\ how a duplex >pecinien, rnnsi-tirig of a Liver <»f susceptible 
material on the t>-t material rnav !>«• used to determine tin 
tenden* y to stress-corrnsion-crurking of the second material. In tin* 
ca of nickel and -tainhs< steel tin* rrarks in the latter stop at tin 
nii ki*l boundary. 

Corrosion in nuclear technology 

In the design of mu h-ar reactor* and of their immediately 
a— ociated equipment many novel corrosion problems arise, since 
materials are -e|e» ted by criteria not applying in other industries. 
Only a few metal- qualify as nuclear fuel.-* and, without alloying 
or other potertive measures, their corrosion resistance js generally 
not good. They are contained in alloys of low neutron absorption. 
The gas or liquid surrounding the sheathed fuel must often, in 
addition to having acceptable corrosion properties, act as a 
moderator, heat transfer medium or both. The effect of irradiation 
on the corrosion products is sometimes more important than any 
loss of metal by corrosion. 

f rom t I k* corrosion viewpoint reactors may be divided into 
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those cooled and moderated by gases and those in which water 
fuliils these functions. The corrosion problems of water-cooled 
reactors were considered at a recent conference (37). Dralev dis- 
cussed the resistance of uranium alloys to high-temperature water. 
I he most useful alloy, containing 5% by wt. of zirconium and 1|% 
niobium, is most resistant in the quenched condition, although it 
is then susceptible to irradiation damage. Dralev regarded the 
hydrogen developed during corrosion as the prime agent in film 
breakdown, but \\ aber (37), while allowing that 'hydrogen damage’ 
plays some part in the corrosion of uranium alloys, considered that 
t lie stresses built up in the oxide film also have an important effect. 

Among fuel cladding materials zirconium and its alloys have 
continued to occupy much attention. Cox (37) described an in- 
vestigation by electron microscope which showed that the 
transition' in oxidation kinetics was accompanied by the formation 
of cracks in the oxide film. The formation of cracks had also been 
inferred (3< S) from capacity measurements, which showed that 
steam oxidation can produce more pronounced cracking than 
exposure to oxygen. Interest has recently moved to temperatures 
rather higher than those of pressurised water reactors, as exem- 
plified by the study of Pointer (37), which extended to 540*. At 
such temperatures, alloys of the Zircaloy type are no longer the 
most resistant: Pemsler’s most successful alloy contained nickel 
and chromium 0*3 (, o by wt. 

It is well known that part of the hydrogen liberated during 
corrosion enters zirconium and its alloys, in which it is soluble. 
The possibility of this affecting the mechanical properties has 
stimulated work mi corrosion-induced hydrogen uptake. The 
subject is reviewed by Biefor d al. (3.9). Attempts have been made 
(40), by alloying with known catalytic poisons, to reduce the 
hydrogen uptake by corroding Zircaloy 2. Additions of arsenic, 
antimonv, bismuth and tellurium were ineffective; but Berry (37) 
showed that when the nickel content of the alloy was reduced from 
the normal 0-()3 l> 0 to 0002% by wt. there was a reduction in 
uptake. 

The usual structural material for high- temperature water circuits 
is austenitic stainless stnl which, although satisfactory in very 
pure 'primary’ water, has sometimes suffered stress-corrosion 
cracking in the less-pure water of the secondary part of the 
circuit. Possible alternative materials are reviewed (41). Though 
free from stress-corrosion, carbon steel, nickel, monel and 2 J% 
chromium steel were ruled out because of pitting or crevice cor- 
rosion. A 10% chromium steel was considered and Inconel was 
chosen as the best alternative to austenitic stainless steel. However, 
although White (-/I) found Inconel not subject to stress-corrosion 
cracking, Coriou d al. (33) reported that alloys of this type did 
suffer intergranular stress-corrosion in high-temperature water. 
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Corrosion products of structural materials, suspended in the 
water, are important because of deposit formation and the carrying 
of induced radioactivity to all parts of the circuit. Recent observa- 
tions from reactor systems are summarised bv Breden (^7). 

Carbon dioxide is the coolant in many gas-cooled reactors. The 
resistance of a number of structural materials to this gas has been 
studied between tKKT and 950° (4'J ). Although some stainless steels 
had sufficiently low overall weight gains, they were subject to 
localised or intergranular attack. Materials acceptable by oxidation 
(and other) criteria included Type 316 stainless steel and Inconel. 

The low cross-section of beryllium suggests its use for fuel 
cladding, stimulating interest in its oxidation resistance. Jepson 
ft al. (43) studied beryllium in dry oxygen ami in C() 2 CO mixtures. 
In the former, ‘breakaway’, with formation of a noil-protective 
film, was first found at 750\ At 5oo ~6<k) oxidation rates decreased 
continuously up to 300 hours’ exposure. 


Atmospheric corrosion of steel 

I'ntii recently most studies of the chemical processes occurring 
in atmospheric corrosion have been devoted to the initiation and 
early stages of attack. These have an important bearing on the 
storage and transportation of metallic goods, but are of little 
significance to the maintenance engineer. Some recent papers and 
discussion remarks have dealt with the nmn- advanced stages of 
rusting of steel. It has, for instance, been discovered that there is a 
significant seasonal variation in the ferrous sulphate content of rust 
formed on steel exposed to an urban atmosphere, at Cambridge, 
England { 44), the salt being mainly located in the adherent rust 
next to the metal. Paint coatings based on a red-lead linseed-oil 
primer were found to break down more rapidly when applied to 
this rusting steel in winter than when applied in summer. Mechan- 
ical treatment of the surface to shatter the rust, followed bv 
washing, should improve the performance of the subsequently 
applied paint. 

The painting of rusty steel has recently been discussed (43a) Imt 
Hudson (46b) considered the proposal to be premature. Never- 
theless, a study of rust constituents should be useful. Harrison (46c) 
described experiments in winch steel panels were, treated with 
aqueous solutions and allowed to rust before painting. Ammonium 
sulphate was found to shorten the life of the paint him more than 
any other reagent, including sulphuric acid, and it was suggested 
that the ammonium ion adds significantly to the corrosive effect 
of atmospheric sulphur pollution. In earlier corrosion tests (46) it 
has seemed that, with certain exceptions, there is a limiting sulphur 
pollution content above which very little increase in corrosion rate 
h produced. The main exception was at Billingham, where the 
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sulphur pollution and corrosion rate were both very high; the high 
ammonia content of the atmosphere may account for this apparent 
anomaly ( 47 ). 

The derivation of simple relationships between rate of atmo- 
spheric corrosion and environmental conditions is complicated by 
tiie large number of variables. By plotting the amount of corrosion 
on a scale determined by a defined 'time of wetness’, Sereda ( 48 ) 
has detected a dual dependence on sulphur pollution and tem- 
perature. Russian workers ( 40 ) have shown that, corrosion of steel 
stops entirely at temperatures well below zero, but their claim that 
this discovery refutes certain statements by Vernon ( 50 ) is un- 
sound; the Russian winter may halt corrosion, but in England the 
increased pollution and humidity during the winter more than 
offset the effect of the smaller fall in temperature. 

An analogy has been drawn between the influence of water 
vapour on tlu* oxidation of iron at 450 and the concept of 'critical 
humidity' in atmospheric corrosion at ordinary temperatures ( 51 ). 
Reaction between zone-refined iron and dry air for 48 hours at 450' 
led to the growth of 'whiskers’ on the normal oxide him. If 3% 
water vapour were added to the oxygen, the same oxide (*-Fe 2 0 3 ) 
grew in the form of platelets which were far more bulky than the 
oxide whiskers, ft was suggested that ‘hydrogen atoms or ions 
from tlu 1 water vapour act to enlarge the area for reaction . 
Arguing from analogy, the authors suggest that the influences 
introduced bv water vapour at high temperatures may also play a. 
part in ordinary atmospheric corrosion, thifortunately. the sug- 
gestion lias been described in some technical journals as a 'new 
theory of atmospheric corrosion'. It is therefore proper to suggest 
that, whereas the atmospheric corrosion of iron at 'super-critical’ 
humidities is essentially an electrochemical process, the high- 
lemperature reaction is a surface reaction with diffusion of ions in a 
solid lattice. If hydrogen ions in the oxide lattice play any part in 
atmospheric corrosion, it will probably be extremely difficult to 
detect. 

Surface treatment and protective coatings 

A process is described for the preparation of cleaned steel sur- 
faces for painting (»)&), in which a metal salt solution is applied and 
reacts to form insoluble metal compounds. By subsequent flame- 
scarfing the thin film of metal compounds is burnt into the surface 
of the steel and forms a continuous, very thin, amorphous pro- 
tective layer. ^ . 

A new type of coating, ‘Galvallov , is stated to consist of 
two finely divided metals incorporated into a plastic medium. 
After application, the metals separate into two layers, the lower 
affording galvanic protection to the steel, while the upper, 
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presumably in leaf form, protects the functional coating from 
atmospheric oxidation. 

The resistance of niobium to oxidation at high temperatures is 
improved by a new two-stage coating process (.*W). The niobium is 
dipped into molten zinc, and is then annealed in air at 870' to 
induce the alloying of the two metals and to produce a resistant 
mixed oxide layer. Outdoor and laboratory corrosion tests (.>■>) 
have continued that improved protection is given to steel and zinc- 
based die-castings by plating with layers of chromium- nickel 
chromium or cupper chromium nickel chromium as compared 
with nickel-chromium or copper-nickel '-chromium deposits. The 
improvement is due to the action of the lower layer of chromium 
in diverting pits laterally into the Xi instead of allowing downward 
penetration into the basis metal. A method (oft) has been developed 
for electrodepositing an iron-chromium nickel alloy, mrrespi Hiding 
t»> 18 8 chrome-nickel steel, directlv from ari aqueous solution of 
the three sulphates, urea and lxiric acid. By an appropriate choice 
of concentrations. pH. and temperature, the deposition potentials 
of the three metals and the alloy are brought to tlit same value of 
/: H — <M5S V. The process is sensitive to changes in concentration 

of the various bath constituents, however, and deputation is in- 
fluenced and limited by the formation of a diaphragm «>f chromium 
hvdroxide. 


Corrosion: friend or foe ? 

In an article on the e< onomi< > of corrosion, it has been pointed 
out f 67 ) that corrosion prevention does not always ‘pav’. This is 
because corrosion prevention does not increase revenue, but lowers 
costs unattractive in periods of high taxation when maintenance 
is directly deductible against tax. 

Aetiography, etiography. or ethiography is the name given to 
the study of the destruction of solid bodies bv rapid or slow, 
mechanical or chemical means (*TV). Amongst these, corrosion plav" 
its part. This study is now being developed into a new art-form, 
and considerable attention is being given, by at least one en 
thusiast, to finding ways of controlling this disintegration of solid 
materials so as to produce forms of artistic merit after desired 
intervals of tine-. 


References 

(1) Sudbury, J I )., ( >. I, . jure, <Y Shu* k, !> A., (nan ,;na m iOiiu. 16, l7l 

Shock, i) A , Rigy^., O. 1... cc Sudbury, J. l>., < l'.«ib, 16, .V»t 

<- i) Riggs, O I... juri., Hutchiv>n. M , <3: (longer. N. I,.. ( wrr.im/, pwUi, 16, bM 
</} Mueller. TV. A., I'ulp l‘ap. Mag. ( an., I'.eV.i, Jan., El i* 
t-b lirasher, I>, M , Saiurr, I.nwl . HMliJ, 185. Xls 
f i\ mi k, I'., A: M ivrir, (. E U . j . up pi ( hu; . I'.i.Vt, 9, -I* 
it) J tooth. If., cc Tiller, A. K, Iran J unufay Svr., t'.*Ml, 56, ICs'.i 



CORROSION 123 

(*} ''(in Wol/o^en Ruhr, (*. A, H., <fc van der Yluyt, L. S„ Water, 1934, 18, 117 
f.V) Harris, J. O., Corrosion, I'jtJU. 16, (7/| p. I -Hit; (6) p. -Mlt 
(JfJ) Compton, K. G., Ouvw/oif, I960, 16, 1!it 
(//) Gardner, G. S., Corrosion, ItHin, 16, :Udt 
il'2) Bofjtstra, J. I Metaalin.dituut TXO, Hep. Xo. 06, 1959, 3 pp. 
f 13) Preiser, H S„ Ac Tytell, H. IT., Common, 1959, 15, 5%t 
< //) Barnard, K. N,, Christie, G. L. t Ac Gaye, D. G., Corrosion, 1959, 15, 581 1 
! Jo) Slireir. I,. I... I'lattuum Met. Her,, 19611. 4, 15 
< J6) Plessel, M, S., A.S.M.fi. Paper 39-A-179, II pp. 

(IT) I :iz, M , ( <<i,o\inv, i960, 16, 2*91. 

(/.V) Hnyhes, A- to. Ltd., !\ A., Corrosion Ttchnol . . 1959, 6, 361 

<!U) Will turn. i). k„ ad- 156373; PB142325: 195* |an , 39 pp (U.S. Gov. 

Rev Rep lo:.o, 32, Nov 13, 62nj 
<2/0 Dirian. J.. Hupp. Cent. lit. unci, Saclav ( KA-NIB-2, 1939 
CM) 'Physical Metallurgy of Stress Corrosion I'laitnre', Rhodin, 7', N, { cd * ) , 
1959 (New York: Imerscience) 

<‘H!) Van koov.n, 1 1 . ( 1 •.♦♦in. 16, 12 h 

( AVI Donhard. Id Id. Corrmion. I960, 16, 3 >.m 

<9/1 I jnelifvskn, IS. \ . A: Romanov, V. V.. /.W,7. A. had. Sauk SNA A 1 , 1959. 

129, I ha i 

(Ail Snowden. P. V. f. lion St. In-f.. I'.'tiH. 194. M 

{'20) Tro/zo, P, S . A McCartney. K. Id. Cormsnm. i960, 16, 3 . 'A* 

(AT! Kadeker, \Y., .helne. HuenhiHttuii'., 1939, 12,7-17 
( if N | White, l> id, A Johnson, id G , Cnrto-nut. I min, 16, 221 >t. 

(2U) Howells. Id. Mi Nary. T. A.. Ac White, D. Id, Corrosion. I96H, 16, 2 lit 
CIO) Phelps, Id H , A l.oyinovv, A W., Corrosion, 1 16, 325l 

(.'it 1 Romanov. V. V.. /Jt. pnkl. Khi>u. 193!*, 32. 1 392 
f.V2) Hrdinann-Jrsnit/er, Id, Air Hotzsch, G.. HVr/W. it. Korrosiou, I960, 11, 'J Id 
!<?•?) \lth<>f. Id (d. A Spindler, H., Z. Me to I Ik., 1959. 50, 771 
(.'Ml Swarm, P. K.. A NtiUiny. j., /. Inst. Met.. I 960 88, 17 s 
(-7J1 West. J. M., A 'attar. Loud'., liV.li, 185, 92 
(.?//! Van Rooveu. eJeetrochan. Soe., I960, 107, 71.7 
(-V7I A IX -Id K. ATOM Conf. Aij. Corrosion Reactor Mater, (Brussels). Oct., 
1959, /’..s', a/, Jinagv (3u7/w. Hep. No, TID. 7587 
; .J.S } CoIlrMjuede M«’i;>]Inryie Mir la Corrosion iSaclayl. June. 19.39 

Hieter. ( .. |.. Howe, I M., Sawatsky. A . A" ICrenz. Id II.. Atomic Energy 
< >i t' omnia Ltd., Hep.. 1959, CK-Met ><19 
i. Jo ) Herrv. W. Id. White. Id I it Fink, I . \\ .. / S. at. Lfi egy Comm. Hep., 
'P.P.79. I! .Ml MOd 

(//i White. I). Id. Jieflis J till. Her. I!09. Dec.. 1.70 
f./LM Hnkros, | C . A Wallace. W, P., ('vr)o>io)i. P.MWl. 16, 731 
i /•?) Jepson. . |i,. Avlmore, ]i. U ., it (rreyy, S. J , /. one!. Moiei., P.H10, 2, 
(d), 109; Greyy, S. |., Hussev, K. J.. it jepson. AY, B,. ihid., 1901 , 
2, p), dd:» 

(■/■/) Mavne, J. Id O.. J. uppl. Chan . 1959, 9, d73 

(/.I) (o) Joint Discussion on the l«th Rep. of the BISK A Corros. Commec, 
/. iron St. Just., I960. 196, 333. (/*) Hudson. J. C., ihid.. 337. (e) 
Harrison. J. B., ibid., 336 

(7/j) Hudson, J. ( it Stanners. J. Id. /. uppl. khan.. 1933, 3, 86 
(77) Harrison. J. B. p it Tickle, T. C. I\., C7ic«/. <8* hid.. I960, p. 13S3 
(7<V) Sereda, P. J., Judimti. Chau., I960. 52, 137 

(■HI) Dychko, A. A., & Dydiko, K. A., Zh.prihl. J\hrm„ 1937, 30, \!53 
(2,0) \ einon, W. It. J.. Trans. Faraday Soc., 19d7, 23, 159; 1935, 31, 1668 
(-WJ Gul bra risen, Id A., it Copan, T. P. f X at ore. Loud., 1960, 186, 959; 

Westing house Res. J.ab. sci. Pap. 6-40807-1 l-PIJ, 15th April I960 
(73) lChrenberu. H., Schurisscn Sehmdni. I960, 12, 239 
(73) Anon., Mod. He frig.. I960, 63, 1178 
(■57) HaruW, G..J. Metals, I960, 12, 3|H 



124 REPORTS ON THE PROGRESS OF APPLIED CHEMISTRY 


(d->) Brown, H., it Weinberg. M., Proc. I mcr. Electro pi. Soc., 1050, p. 12S, 
Disc. ,%7 

( >6‘) Mai'hu, \Y., it Kl-Glundour. >1 l ; . M .. HVrM. it. Kono<io;t, 11)60, 11, tSI 
\o7) Times AV, . of hid.. April. I5<5<>. 14, <155), f,ti 
(•5S) Tcrnisien. J A.. Genie char. , 1555. 82, 57 

Supplementary Bibliography 

} : H)Hht»\tHtal electtockamUy 

Metal deposition and dissolution, Gerischer, H., EAechochim. .L/ti. I5iin, 2, I 
Local cells. Warner, C . J. Ace:: . ho,;. Soc.. iptiit, |07, 115 
Electrodes with corrosion hvers. Go hr. H.. & Lance. H.. lAcctrcu him J da, 
IP*'.". 2, 2*7 

Concentration cells. Seiia<cld, L . A Mnr>h. G. A , Geiu'OfU/, KM in. 16, |t;j( 
Exomorphic couples. Defrauoux, (. M.. Litcirochiu:. Adit, 1555, 1, I'.tn 
Diagram of state Markovic. T . A Sevdic, M., HVj kA. ti. Kmux) mi. p.nin, 
1 L »’.22 

Electrochemical behaviour of iron. Hurleti. T.. (Yntral InM. IndiMr., lA'v, 
Blindern, Oslo, Norwav. SI Puhl. No. Js I. |5 mi 
P olarisation curves. Mi.’eiier, U\ A., t ana /. J i hen:.. /5hn. 38, 57<i 
Work function and corrosion rate. Shimnd.ura S.. Si phot lint:. (lakfi., 1555 

23. d 13 

Practical galvanic series. Llze. J . If (■.•As. <t A7u;. >„•.»;?, j !+.%!*, 10, 737 
Intermetallic compounds. Ohtam. N\, J. jap. hot. Mdai*. 155* 2, *J I J 

. I noetic proccc'cc 

Aluminium in bisiilphntt* melts. Tajim,. , ft al.. lu'citmcjitn:. Acta. I 555. I, 2"5 
Gallium. Schwahe, K.. Klcctrochac. Ad a. l'.'5'j. 1, ;tr, 7 

Molybdenum and lur.trsicn. Be-sun. | ,v Draut/bnru, (. . IA<dt" t hire. Ada, 
l'.'t'.o, 3, 15" 

Tin. KhalafaDa. S. H„ d a:., heypt. J. < hou . 1555. 2, I 
( atkoiu 

General, IMranoux, J M.. I mil. />••«;•. i.hd . I'.a'.o, , vim, 1, 

Zirconium. Meyer, K K . / A t da-chew. I5».i>, 107, *17 

Pa or tty 

Symposium. Z. phy ( ho-,;. A. O'. :. 155", 214, J*. I 

General Mueller, W. A . J. d-rtr-chor.'. NV., 15oo, 107, 157 S< hwabe K 
JAcdmchar Ada. I5u», 3, j; 

iron. Cohen, M. (anad J ( her.- , Jo:. 1 .', 37, >«,; Krau--. A . n 

chap ton, P.Go, 47, c'ire 

in acid solution. Nikhotin. A M . A: K M , Zh ft . Khun . 

155* 32, 1 *157 ; 1555. 33. '!*> 15; Smrf'-k, lv. dal , ( <>// 7;ir thou TchrtoA 
1555, 24. :m : 5 

in alkaline elution. 'iikhotin. A. M . A Ka: t.idiova. K M , //. ft. 
Khan., 155* 32, 'jof.n 

Iron -chromium allocs Kinst. P I , .v l.'hln'. H il / ph \ . <'hni\ 1‘i.Vt JO, 
202 *> 

Stainless steel. KMsrn-:!. A , A U-nk, W . Arch Ponihul'., . P.u.n, 31, )?v.t 
effect of oxyco-n, Grr*-n»-, N. L . /. thdtnchcw .. p.iou, 107, -J57 
effect of 1 blonde or sulphate \Ynl. K (. A Mrn/<d ]) /. 

lilektrnchon.. 1555, 63, , Ko. in, It J . \V,ri< l 1 , A„, 1'itiii.’ 11. 

352; KozenfeM, | i. oc M.ik ,int. Imk, V I', h„h( )ka>.i Sauk SSSI\ 

I 55h, 119, \w. 

Nickel. Vetter, K J , <v \rno!d. K , / l A hlvu h w . !5oo frL ’ll, Arnold. K, 
& \ etter, K ! (hid . \U~ 

Zmc, lead and tin I'u^la, j< , Ann Acwl Vi s. t [\ y;., \ 



CORROSION' 


125 


Mechanism of inhibition 

General: temp. coeff. Putilova, I. N., Zh. fiz. Khim., 1959, 33, 226 

inhibitors and catalyst poisons. l r ujil, S. ( & Kobayashi, K., Corrosion 
Kngng. (Japan), 1959, 8, -1 

inhibitors and elect rocapillary curves. Ostrowski, Z., (Verbs!, u. 
Kanos ion, I WO, 11, 552 

inhibitors and impressed current. Kajagopalan, K. S., & Ramachan- 
dra How, Y Y. IV, Satur*u<senschaftcn, 1059, 46, 318; J. electrochem. Hoc., 
I960, 107, 37‘* 

Iron and steel in neutral solution, tie Zoubov, X., & Pourbaix, M., Electrockim. 
Acta, I U.Vj, 1, 347 ; Beckmann, P., A Mayne. J. E. 0 appl. Chan. ,196b, 
10, 417; Mayne, J. E. (.).. A Karnshaw, E. H., ibid., p. 419 

in acid solution. Machu, \Y., & Morcos, H. [., It erkst. it. Korrosion, 
I960, 11 , n|, 150; Grubitsrh. H., A Sncck. T., Teknikemian, 1050, 16, 203; 
t o>yn<ion rt Anticorrosion, I hoi*. 7, 133; West, J. M., J. appl. Cheat., 1960, 

10. 25ii; Shropshire, J. \.,J. elect rot hem. Sac., I960, 107, 740 
Aluminium. Saudirarajan, J., A Kama Char, T. E., j. sci. i n dusty. lies., 1939, 

18B, 33! i 

i opperumi brass. J.aa\n. M. ct a!., Werk t. u. Korrosion. 1050, 10, 767 
Ziie . (Yrvenv, 1.., Coll. Tvav. (him. TchcccA., 1030, 24, I ION 

. / p plication of inhibitor, 

f.ead. Myagkova, A. R, A PutiIo\a. 1. N., Zh. fa. Khim.. 1959, 33, 22b 
Steel: by salicylates. Brnjatvreva, E. V , A Balezin, S. A., Zh. prihl. Khim., 
1030, 32, i<»71 

by sehmites and tellurites. Brahmdev Jain. B. D., J. sci. industr. Res., 
lOC-c 19 H, ins 

In tOvcol solutions. Mercer, A. IV, A Wnrmwoll. R, J. appl. Chew., 1030, 9, 577: 
Mercer. A. 1) . A Brasher, 1). M . Had., )0.3o, 9, 589; Kowe. L. C., Corrosion, 

I Odd, 16. 2501 

In tnonncihanolaminc. Steel, 10.30, 144, 140 
In tood. Rood Mannf., I96d, 35, Id!* 

In j^as imlustrv. Goolfray, ('., & Giampanlj, A., Her. In.d.franf. Petiole.. 1900, 
15, 1*7 

In petroleum industrw Cavallaro, I-., Corrostou ct Anticorrosion, 1050, i, 4R 
In vapour phase. Muntovani, (»., Co::. chnn. ital., 1030, 59, 1C*S7 ; Gintsbetg, 
S. A , Zh. pn hi. Khim., 1030. 32, 430 

.leal noro'ion 

Iron. Beran. HYrJlwO it. Korrosion, 1050, 11, 065; Machu, \V , A Monos, 
H. 1.. ibid., lor, I). 11, 13*; 

Lead. Koch. I>. I A., iilatrochim. Acta. 1030. 1, 32 

New nickel alloy tor sulphuric acid. Johnson, T. E., IVcihst. u. Konosion, I Odd, 

11, 331 

Nickel, ( hii.stnplicr, P. M . A K'inR, ( X J . electrochem. Nor.. 1900, 107, 495 
Nickel chromium and cobalt chromium alloys. Bond, A. l\ f & Uhlig, H. II,, 
J. elect) oehem. Soc., I90d, 107, IKK 

Stainless steel. Bernard, M. L.-J., ('nmisim; ct Anticoirosion, 1 050, 7, 373; 

I ‘carer, M. E. A Griffiths. V S„ Corrosion Tech., I960, 7, 142 
Titanium. Buck, K., ct a! . Corrosion, 1030, 15, 300t 
Vanadium. Schlain, J)., ct at.. Corrosion, 1060, 16, 7dt 
Zinc. Zabalotnii, 1. 1 . A Lizogub. A. \\, Zh. prihl. Khim.. 1030. 32, 1313 
Zirconium and its alloys. Smith. T.. J. clecirochem. Soc., I Odd, 107, 82; Kuhn, 
\Y. |<; . ( \> nos ion, J9dd, 16, I .hit ; PeCroscente, M, A.. Santoro. P. R, 
Powell, A. S , A. Gale, K. H.. /. elect roc Item. Soc., 1060, 107, 301 
Chlorine: elfecl on corrosion by HO. Tseltlin. Kh. I.., A Sorokin, Yu l., Zh. 
prihl. Khim., 1060,33,163 

Hydrogen absorption. Owe Berg, T. ti., (. umutoir, 106U, 16, 1081 



1*26 rkports on* rin: pkogkkss of aitui-o chkmistky 


Hydrogen embrittlement. Blanchard. 1\ A , et a}., Case Inst. Tech. I '.S,, Wright 
Air Derclopment Center, Tech. lief*. •“»**- 1 7- . April. !*.».»!<; Meyer. C.\. Iron 
&■ Steel, 1%»>, 33, 536; Bruckner. \Y. If., & Myks. K. M.. Cartoston, 1950. 
15, 59 It; Tragardh, 1.. Corrosion et Anticorrosion, I ‘»»;i >. 8, 177 

Alkaline corrosion 

Aluminium. Caprioglio, G.. Cipolli. 1’.. A' Ma//a. 1.. thin;. c hitiiish.. l!«;u, 

42, 30 

Iron. Winkler, H . Ekctiochim. Ada. 19»lu, 3, K*:l 

Tin. Xakai, T.. A Kalcti. M.. ./. (ken;. Soe. fata;:. In.lu^tr. Cher,; Section. 
1 !*:,n 62, 11^ 

Corro<io:: u-ate; ana neutral <ol;t!on . 

Aluminium: wash waters Luff, (L, Allmrraio, 1959, 28, 1 13 
iSilunuiri. Schikotr. CL. 7 MetaUk. . Hum, 51, 3911 
Copper. Kubinic, I... a Markov ic, T , We>kt ». K>nio>un\ 1939, 10, *>66; 
Lepin, L. Iv. & Kadek. V. M.. //;. Khun.. 1939. 33, 

cellulose wash waters. I’u-atalo. Iv. Ttkr. Kent. Aik!., 1939, \'73 
(. upro-nickel in sea water. Toil hunter, H A.. C“)><-*ioi:, |p6n, 16, 'TJbt 
Germanium. Harvey. \Y. W , & Gatos. H C .J eb ctmch, n> Sue., i960. 107, • . : , ; 

Gerischer, H., a Heck, l'.. /. phys. Chen:,. I 96o. 23, 1 13 
Steel : in sea water. lorgeson. H. \V . etal., C ■>; mvcm. i960, 16, ] i *r»t : Liisitaln, 
Iv, Acta ehem. tain., 1959, 32B, 

in hard mains water. Butler, G.. A Ison. H. C . K /. appl (. he., ., 
1000. 10, 

Zinc: sodium chloride solutions Sedziimr. J.. a Gmvtrvk, M . W, ,k t .< 
Kcrvonon, l96o, 11, Un 

ammonium chloride solutions. Sti«: kl.iml, K G . /. appl. Cho n; I90n 

10, ion, i*;:> 

in determent'. Stiipel. H. a Ko< h. 1 H V;7r i'. u. Ae,vr». ivn, *96n 

11,33 

Domestic waters NAT L Te> h Comniee T- IK; Conn I9»,n. 16, I33t 
Thermal waters. Chioatri, K., ( ••}>■', non et .hittc^m ?.•>>, i960, 8, j;» 

C revice corrosion, a) copper. Ay, magnesium. Mar-hakov, 1 K , A KnzentcM. 
I. L . Kim;:’., 1959, 33, a. -J 1 G. ,/,i 111 


(.orro ioii in h'tAi-t.. nop, , itu; • rat, r nr- •! !,a;n 

Aluminium. Herrvman, K. < . \Y.. /. hot. Met , 1959 88, i.'J : Wilkin-., N 1 M 
Sc Wanklyn, J. X.. A. id., 131 

Inconel. Copson, H. K., a Berry. W. K . ( >.,u. I 960 , 16, Tot 

Steel. Straus,. M. B.. a Bloom, M ( . / el, rttm hem . |96i>, 107, 73, 

Songn, T., 7 cnn>.hniieu, J G >G. (Tv'i, .'a, I 
Steel in evaporators. Gioeke. H , et at ., Wnk t u. A uirm >>n. I 960 . H, 337 
Lranium-zirconium-niobium alloy. Dralev, J J-,.. Greenberg, S . A* Kurlu-i, 
W. Jv, J. electrochan Soe , J96M, 107, 737 
Zirconium and its alloys. Ka™, S„ j .elee troche ui.Sn ( ., I'.itin, 107, MU; Corn. 

I960, 16, *.*3t; Mint, O , And., p OP'.n : C'o\, B.. //.T, p. 3*v»it 
Keactors. Howells, L„ ct at.. Cm-eonm,, Lti.n, 16, Jilt; Troutner, \ II , ihul.. 
p. ‘-'Sit 

Inhibitors. Alaxw*-]], \ w.. ( ,»r„ mu. I'.h;o, 16, ,'nlt 


U at, y t tf at bunt 


Feed -water for higli-prosure Ix^ihr-, Hamer, I*., i‘nn. Intn niech ling! . I '.inn 

174, 69 

For nuclear power plants. Muller, A C., luduxtr. /iugng than.. 1 959, 61, I2;'i3; 
Thompson, J. t Sc Kcents, A. C , ibid, p, L33b; Brut shv f 1 , Drover 

M ^ \V T , .. .. , r, t, I 7 . . -A... 



OKK< >SH*X 


127 


JJeoxygenalion. Akolzin, V. A., Corrosion, 1%U, 16, 17»t 

Manganese removal. Illig, G. L., jun., J. Amer. Wat. Wks. A&z., 1060, 52, 867 

Corrosion in nuclear technology 

Aluminium uranium alloys. Daniel, N. L., d ai, US. At. Energy Commission , 
Ucp. limn, HMI I mi; Ruther, W. E., & Draley, J. ibid., 1959, AM. 
6053 

Aluiiiiniinn -plutonium allovs. Bowen, H. I S. At. Energy Commission 
Ucp. 1939 . h\v r,i:u5 ‘ 

Magnesium alloys. Greenberg, S,, & Kuther, W F... U.S. At. Energy Com- 
Kq>. i960, AXLOOp* 

Niobium allovs. Maykuth, i>. J., et cil . , l ' , S. At. Energy Com mi si ion, Kep. I960, 
uMi i i:i; 

Niobium, oxidation. Argent, B. B., &. Phelps, B., /. Inst. Met., 1960, 88, 301 ; 
Avlmore, i), \V., Grege, S. J.. A Jepson, W. U., J. electvochnu. Soe., I960, 
107, -195 

Silver indium cadmium allovs. Cohen, [., US. At. Energy Com tuition, Rep. 
1959, WARD *J 11 

Steels, CO* oxidation. Chon. hid., i960, p. 11-17 

Stainless steel, stress corrosion. lVnient. IS W., Betti* Tech. Rev., i960 (Dec.), 

J 19 

Zirconium allovs, hydrogen uptake Yeniscuvjch. W., </ «/., /. mid. Mute> .. 

1959, 1, 15), 97! 

Zirconium niobium alloys. Douelass, l). 1... A: Bearing, II. K., US. At. Encigv 
CmnnusAnH, Kep. loon, KAl'T 9i>7i; Dalgaard, S. 14,. Atomic Energy of 
Canada Ltd., Kep. 19*10, CK-Met !* J 1 

Zirconium alloys, oxidation. Forte. H. A., Schnizlein, J, G., Vogel, K. C., A 
Fischer, D. J \, /. clectrotheni. Soe., I960, 107,506 
Zirconium oxidation, irradiation effects. Yee, W. < ., 1 ' At. Energy Com mi •- 
.hm. Kep. I90ii, OKNL 97-19 

Corrosion hv molten Milts nod molten nit tots, miscellaneous and non-aqueous 
environments 

General, Harrison, |. L*., A Wagner, Acta me/allurg.. 1 959, 7, 799; Kdeleanu, 
et ol. 4 }. Iron St. hist., I960. 196, 59 

Molten metals. Akutagawa, T . & Ogava, K., A tpp. June. Gakk., I960, 24, 256 
iBi-l'b); James, J. A , A Trot man. j., J. Iron St. Inst., 1960, 194, 311* 
iBi-Pb}; Mackowiae. j., it Slireir, I.. J. less-common Metals, 1959, 
t, 156 fAl on Ti); Kuttewit, K.. Mt/all, 1959, 13, 735 (Zn on Ke) 

Molten salts; alkali hydroxides. Gurovich, E. 1., Zh. prikl. Khim., 1959, 32, 817 
amines. Sircar, S, C. t it Wiles. D. K„ J. clcctrockcm. Soc., 1960, 107, 
164, 366; Jenkins, J. H., ibid., p. 371 

chlorides Hill, I*. I. , lVrano, J., A Ostcryoung, R. A., J. elect rochem. 
Soe., 1900, 107, 09s 

duxes. Vitkin, A. 1., Zh. fnihl. Khim., 1 95S, 31, 160 
Tests in molten materials. Spurgeon. W. M., Philleo, C. H., & Thompson, B. A., 
hiJustr. Engitg Chen/., I960, 52, 5*9 A 
Body fluids; tantalum. Cox, 1\ Corrosion Tech., I960, 7, 69 
i aduncating oils Campbell, K. B., GnuilJcrg, L., & Scott, H. M., Nature, Land., 

1960, 187, 5SS 

Wood. Kuril shot! lam, A., /. Timber Diyers & Preservers .hs., India, 1959, 5, 1 , 
Uusitulo, K.. & Mattila, J., Tehv. Aikl., 1959, 649; Panseri, C., & Luft, G., 
A limn into, I960, 29, 5 

l or ros ion in chemical plant 

Ktbylene dichloride. Maitak, G. P. p et ai, Vhr. khim. Zh., 1959, 25, 525 
Fluorine. White, F. E., A Fink, F. W., Proc. Propellant Thermodynamics &• 
Handling Cmif.. 1959, p. 161 (Battelle Memorial Inst., Columbus l, Ohio) 



128 REPORTS OX THE PROGRESS OF APPLIED CHEMISTRY 

Gasholders. Berkeley, K. G. L \rrto .< .«*// 7Yr/r., lilliU, 7, Ml; Brim, II., 

Corrosion d Anticorrosion. I960, 8, 162 
Hydrogen peroxide equipment. Bloom, 1?.. dal.. Conation. i960, 10, 1 lYI i 
Oil industry. Seo. M.. A: Tukeshima. S., Corrosion Pre:\ Control, I960, 7, 39; 
Freedman, A, J., dal.. Conosum, I'JOO, 16, 19t; Koehler, J. F.. ibid., 1939. 
15, 557t; Fasten, G. P., ibid., I960, 16, 273t; Piehl, K. L., ibid., p. 3n3l; 
Sherwood, 1\ W\, Werkst. u. Korrosion. J ***'.»», 11, 'Jtj7> 

effect of bubble lor nut ion. Kadono. Y, Corrosion Fngrig (Japan) . 
1058. 7, 30 

Paly sulphide*. Breuuajder. 5., & Basiuk, \Y.. Przern. chew., I960, 39, 133 
Biscuit mixes Moss, G. K.. Ckew. hid , I960, p. 191 
Fertiliser plant. Xortlirup. K. I*., itch. l)c>. Mater. 1959, 3, 93 
Sugar industry. Gieseke. H.. et al.. Werkit. u. Korro<ion, I960, 11, 337 

Underground and microbiological corrosion 

Systematisation and surveys. Markov ic. T.. d a!.. ICerkd. w, I\ono>ion, I960, 
11, 22, *7. 209 : Hamilton. H. P., J .truer. »«/. M'A« Ass.. 19f.ii, 52, 63*; 
Scott, (r. X . i' id., p. 373 

Correlation with sunspots. Meany. J. J , jun . Corrosion, I960, 16, fSi, *J8 
Bacterial studies IVrocherx, K., a* Fredette, V., Canad. J. MiemLiol., I90ii, 
6 , 349; WolFon. I,. I,.. Conoio:. I9*'.u 16, Vu-'t; Shaposlmikov, V. \ , 
Kondratieva. F. N . a: Federov, V. 1), A' Mure, Load , I960, 187, 107; 
Prince, X H . ib:.i.. i960, 186, M6 

Bacterial slime in petroleum products. Do Gray, K J , Ac Killian, !. N , 
hid u dr. lining Chew.. 1990, 52, 193 5 s A 
Soil testing. Richard*. A I... <x Stumpf, H. T.. So:! S:. I96n 89, !<•*; Marti- n. 
F. D.. A NdP-r. J. K ih d . 1 *. ♦♦ '« * 90, 9ol 

Cathod i c protect: a\ 

Symposium. Frankfurt. April I C< >>< of<>? ft .\KtU"n-> :>>n, p.m'.o, 8, 919 
Interna!. Plumpton. ( a* (, <.**■>. :>n Pu ; .<.>• ('<>;;!;■<>!. r.c-9, 6, ill, 31: 

6, 3.'. 49. 6, 33; 6, I» . 19; 6, 19-. 34; I960, 7, t 33 

Of docks. Muilett, l A . A Johnston, j. \\ .. Cntm-iitn, 19.; I». 16, 9|3t 
Of hulls. X.A.C.K. Tech, ( ommee. T-3G-I. ( >>nn<inn. lbdo, 16, 933t 
landing and co-ordination. P,ennett, G A , d al., Corr»ntm. 1939 15, 3*7t 

Stress corrosion 

Mechanism. Graf, 1„, & I^icour, H R , /. \!<tal!k , I960. 51, 1 39 ; Schai fsten, 
L. R.. A Li.-enbrown. C. M.. Salute. I. arid . 19»'-n, 188, 379 
Aluminium alloys Plugin, V I . & Kkhina, F V . Zai<d. j.ab., 1959, 25, 7o5; 
ErdmanR-Jtsr.itzer. F , A Hotz»ch, G , Weth.i. u K<-rt\> wu. I960, 11, 919. 
Klement, J. 1 ., et ai . torm-ion. I960, 16, 3191; Ket. ham. S. I . A lin k 
\V„ ibid., p. 37 1 

Austenitic stainltv,, -.teds. Clerboii. J. , d al.. Mrcttnehini. .Ida, 1 939, 1, 7o 
Ferritic steels. Phelp.s, P H., A Pokiuow, A. \V„ (.ionoaot 1, I960, 16, 5931. 

Xaumann, ]'. K . & Carius, \Y , Ardt. F.iwnhutteiiu . 1939, 30, 361 
Xickel. Mond XickdCo. Pol.. ’Strc.s . orrosion of nickel-containing materials’. 

Bibiiogr, May J9t'.i» i .m', j,p. r> 14 refs, to period 1953 39/ 

Lranium alloy. Tragert, \\. C , (^orrn ion d .tntio>rro*wn, i960, 7, 196 

Fretting corrosion and i,.t:ar 

General. A II. sop. R. T , Mdallurgta. Mchr, 1959, 60, *7 
Effect of Xi plating. Oswald, j. hngnuenng. I960, 189, 505; Bunion, K. S , 
1 bid., p. 7J9 

Anti-fretting compounds and greases. Jo.st, H. i'. f Engineering, 1960, 189, 374; 
Scarlett, X. A.. 1 hid., p. 491. Davis, H. ( , A Houseman, j , It I h lair 
Sole So. Met. Phy>. iii'j, I960 ; Ministry of Aviation. London; 



CORROSION J 29 

Corrosive wear of rust iron. Graham, iC, et cl, Chartered week. Ever. I WO, 
7, I'll 

1 a vi tat inn 

Media nism. Leith, \\ C, i-jigua /.. I9;>9, 42, 13, Wheeler. U. H., j. ham. 

Engng. J •*(;<*, 82, JSJ; Hall, J. \V„ ibid., p. 109 
Steels. Botfadiov. 1. X., <k Mints. K. 1 ., Met alio v. Obrah. Metallov., 195*. f.s), l I) ; 

Timerbulatov, M. G., & Babushkina, G. I., ibid., 1959, <sj. 

Tests. Mathieson, K., & Hobbs, J. M. p Engineering, 19110, 189, Kb) 

and cathodic protection. Morgan, j. H., Chew. & hid., (hf.ii, p. ;,s3; 
Collins, H. H , ibid , p. i)k;> 

I.Khioll 

By water jets. Zclenski. V. ()., Teplveungetika, 19fj9, pi), ()•,» 

Bv ]j(]uid drops and rigid steel spheres. Lngel, O. S., J. Hi - net. Huy. Stand., 
19i'.n, 64A, ill 

( 'on os ion fatigue 

l.nder bending and torsion. GJikinan, L A., et al, ‘/avail, Lab., 1*0*1, (1), 45G 
Aluminium. Harries, I). K , A Smith. G. ( , /. hi<t. Met., 1 959 -On, 88, 1x2 
Steel. Kndd, 1\ J., et ai . Sat lire, l.owl, 1939, 184, 2onx; Corrosion, i960, 

16, 1 1 St 

Hitting corrosion 

Symposium. Feb. 1959, J>us>ehloif, I GGri, 95 pp, ( \Vein heim' Bergs 1, : Vcrlag 
Cbt-mie G.m.b.H.) 

Muminium. Davies, I). J cppl. Chew.. 1959, 9, 031 
Iron and steel, Fischer, \V, 1C, Ttch. Mitt. Krupp[ B]. 1939, 17, 127; Sharonova, 
T. N., it al., /h. ft:.. Khun., 1939, 33, 2 os; Duffen. L. \V., & Jarman. D. C., 
Hnt. Eomuh vutan, I*. *1)0, 53, 79 

in HjS(K containing Cl ions. Fngell, H. j., & Stolica, X, D.. Arch. 
Fisenhiilten;, .. I bob. 30, 739 ; Franck. I*., UVr, , . , .«I. u. Karros ion, lluln, It, 
-to 1 

Titanium, Morioka, S., A I'mezono. A., Hoshuho lisiutsu, 1959, 8, 377 
hiv oxidation 

Kevicw. Smelt zei\ W. W., Industr. Fngng Chon., 1900. 52, *271 (A review of 
papers on the oxidation of metals appears annually, usually in March, in 
huiush . f iigng ( hem.) 

Mechanism, Aylmore. D. N., ti al., J. elcctroehnu. Soc.. 1959, 106. loin 
Chemisorption on metals, how, M. J. J),, Chon. Her., I9l)o, 60, 207 ; Kobcrls, 
M. \\\, Trans, Faraday Soc., iWtt, 56, I2K 
topper: review Konmpii.st. A, & Fisdimeister. H.. /. Inst. Met., 1900-01, 
89, lib 

l athodie cleaning before oxidation. Davies, D IC, A Shah. S. N., Sature, Loud., 
I960, 188, 138 

["‘ire-side cud ash- deposit corrosion 

Flue-gas and acid dew-point corrosion. Denis. A., Corrosion et Anticorrosion. 
I mill, 8, 347; Haneef, M .,J. Inst. Fuel, )9(i0, 33, 2*5; Kendlc. h. K., et al.. 
Corrosion Free, Control. 19*10, 7, ((*), 37; (S), 42 
Oil ash. Slunder, C. J., Corrosion, 1959. 15, ilOlt 

A tmosphrric. corrosion 

Mechanism. Fomenko, A. 5., et al,, Zh. prihl. Khim., 1959, 33, 2249 (isotope- 
exchange experiments) 

Field tests. Ambhr, H. R, /. appl. Chan., / 900, 10, 213; Hache, A,, Corrosion 



] ;10 REPORTS ON TIM PliuilRESS Ol AITUKO rilEMISTKV 

tf 1'A'U, 8, ’’56: Hudson. J Iron St. Inst., I ‘»r*0, 194, 

-15 {coal wagons) : Sanval. IV. Nandi, A, N., Natarajan, A., & Bhadwar, D.. 
J. sci. industr. lies., 18A, 177 (Bombay); Southwell. C. R. et a!.. 

Corrosion, 1 0* H*. 16, 5l7t (tropical: wrought iron) 

Laboratory tests. Barton. K., A Beranek, E. t it. Korrosion, 1600, 11, 

343 

Filiform corrosion. Kaesche, H., 1 1 erkst. it. hnnosion, I0o0. 10, 

Corrosion is: <-:/:**/: • and r, r, 

Steel in building materials. Nilsson. G . Tnl-. /■>; l </; 1 « v . u /t 

Sanitets. I '.'50, 30, 710 i/bio'7. >Y.\ JAd;.. l‘*.V.i, 32. 55*1 
Steel in concrete. Sara pin. 1. G.. Piow. Ato >!. I *.*.►*, 36, ‘J l ; Shalon, l\.. 

i Raphael. M . /?»,». Acs. Guo:. Israel., 1050, 7c. 05; and [. Awer. ( u/.vi. 
Inst., 1 30, I’M; IVabudy. A. \V , Consult. / : .n& , 1050. 12, I'M 

Non-ferrous metals in concrete. Sinuleton-Groeii. J.. RriC I'ur C5o,o/i,', 1 ►. 

1, •*;>. 30 

Corrosion of concrete. Mt-ier-Grolman, 1. W . U’<>A7 u. hano. lov, 10, 
730; I'V.n, 11, '.'it 

of calcareous stone. Kauffman. J . (,!//•<<• :<o. <7 ./W-Cruoi .<o/, 106n, 

3, s? 


\luminiuin: Godard, H. I’, ev Cooke, \\ 1*. . 16, IMr 

Bernard. W. J.. A Randall. J. J., J. t!e<:>ociy*. >>, . I 107, Kt 
Iron Krause. A.. /. A.V A- A 1 64, 7.77; leitkiu.-i hi. \\ . /G7 • >. . tV! ♦ ; 
Dasgupta, I.>. K . A Mackav, A 1. , /. pAi ><«'.. Japan. I 14, o,f7 "ee 
also Yoshioka. H 7:7.. i- t*7 S : jav. C, T 1 , / /;•*» St. l.i ! . lodn. 
195, 1*0 ‘ 

CathodK reduction: hern oxide Galu-hko. V. 1’.. <f it! . /*. (■> ‘C. l\h:,> . 

10. '.o, 32, 1551 

u: pro ns Milphidr Hoar, T. I'. «Sc Stoi.kbndue. ( 1>. I.l,< :nn Inn; 

Acta, 1 ' . 3, 'M 

Bibliography; C o, c u. ( r. Mo N: N \ ( K Te« h. i i-iiini.r. T ;:lt, ( -m - . o 

16. IMt 

Material ■ an I py>.r, ■ 

General: renew. In fit i, Ln.’jnj t I ... . I'.".", 52, *7’.'; Hu-ruond. |< M . Cn.i . 
p. 1<»77 

Aluminium, tin is;. Cohen, li M . U>t a n urn, 10*.". 36. 37," 

Nickel alloys, new. Katz, \V. ( II ,-ik ! u. AWro-.-mt, l '.win. 11, 7,.' ,7 
Stainler,-, *teelr>: re\:‘-v., lane. W A , a. Praioik, |. H . I. lit U /.a:v.; t In,, . 

r.«;n. 52, «1 

Ijoron in 1 anell, J . \V , ,v Kom-hiIj.iI, 1’ < . M»htl . 17*1". 77, I "I 
Tin and tinplap- Britton, S. ( . \ Bright. K . ( /«„/ . - hid , I '.»*.<*, p. l.»s 
Titanium: review HinnUT^er, II B . A Clampeit, H \ . Indu t> . l-ii'juc ( linn., 
I'Jh'.i, 52, s.si, ; von Kami, H , »v t'ollanz, A . M.iAT it. 

11, 465 

i'olyester fibre cda-,-.. Barnett, l(. I. , A Amleisou, I I • . < ono nm , 11'aP, 15, 
’ 635t 

Resin repairs. Szyman-.ki, U. A., < ono m», l%h, 16, db. 77 
Protective coatings 

Review. Scofield. Id, Indu.tr linin’; Chcni., J 52, S71* 

Anodic: mechanism. Adams, G. B,, He Kao, T.. /. elertrorhnn. Sm., I ‘.Mill, 107, 
640 ; van Rooyen, D., ibid ., p. 715, Hoar, T. P., A \V<»od, li. C„, I ran-- hi t 
Metal Finishing, I960. 37, 7 



r.OKKOSlON 


I Ml 


Paints: mechanism. Bharucha, N\ K. p Nature, Land., I960, 187, 750 

pigments. Calcutt, J. A., Corrosion Prev. <3* Control, 1959, 6, (II}, Ml; 
Jakvenkyla, Y. T., Corrosion Tech., Pj60, 7, 39 

on aluminium. Clark, W. D., J. fust. Met., 1959-00, 88, 406 
wash primers. Nedey, O.. Rev. Aluminium, 1900, 37, 751 
testing. Rivola, L., Metallurg. ital, 1960, 52, 15 

Poly urethane. Industr. Engng Chem., 1959, 51, 13&1 

Fluoride coating for magnesium. Darras, it., & Caillat, K. f C. R. Acad. Sci., 
Paris, 1959, 249, 1517 

|ointing compounds. Savage, K. C., A Cole, H. G,, J. appl. Chem., 1959, 9, 0*<i 


Testing, analysis and technique-. 

Testing: general. Copson, H. It., Corrosion, 195*9, 15, 533t; Halkias, J. H., 
ibid., 196U, 16, 9-1; Deutsche Normenausschuss, M etalloberflaf he, 1969, 
14, vs*; 

corrosion rates. Hersch, 1’.. Corrosion Tech., 1969, 7,66; Schlaschl, h., 
iV Marsh, Cm ration, J96.ii, 16, Milt ; Shimin, W., Industr. Eugng Chem., 
1959, 51, 1 IS 

metallurgical. Several papers in Zavod, Lab., I960, 26, V 19-3 Ft; 
Jacquet, P. A., .\/W<iflnrgiu, Mrltv.. I960, 61, 93 

thin films. UoUer, L)., A Kolnback, <>. H , Corrosion, 1969, 16, 399t 
Klectrocheinival methods: ••lectrodes. Stern, M , A- Makrides. A. C., J. electro- 
(Item. Sue., I960 , 107, 7nV; Cahan, 11. J)., Ockerman, J, Ji.. Amilie, K. I , 
A Piirtschi. l 1 ., ibid., p. 7.5 

high-eurrent interrupter. Richardson, \V. 1' , A* 1 jsenberg. .M.. 
/. eUitrochtw. Sue., 196.9. 107, 619 

(lotentiostats. Ik-wick, A., et al, ElecUoihim. Acta, 1959, 1, sM; 
Cilia I. V., A PnDlak, M.. J. Iron St. Just.. 1959, 193, M6n 
Microanalvsis of dissolved () 4 . Potter, F. t’., A Kveritt, (I. is.. J. appl. ( hem., 
1959, 9, *'• TV, 6 15 

Radioactive tracers l.nvonihe. 1\, Cm ration ct Anticorrosion, 196,0, 8, VF»; 

Frwall, F. (»., Jt ) ukont. Aim., 1959. 143, 616 
Fleet ron mit ros< ojxv Hollo, M., A Gula, 1 ; .. Me/ulhberjliiche, 1959. 13, 53, 3#M; 

Kleinberger, R., et al., Metaux Con lud., I960, 25, 19 
Metallic whiskers, handling of. Fontanclla, K. 1.., & De Blois, K. W. Rt'c. sci. 
In shim., 1959, 30, 9*V 

Adhesion of thin films. Benjamin, I\, A Weaver, ( .. Proc. rev. Soc., A , I960. 
254, 16,’! 

Mneellaueoia 

Ball bearings, (irunbeig, I... A Scott. L ).,J. hist. Petrol.. 196.9, 46, Vn9 
Chemical cleaning. Kliuge, 1.. N , A Selma n, |., Lon os ion, 196*9, 16, 1;, 9, 
l ar lion-metal contacts. Boss. T. 1\., A Morshedian, A. H., Tains, hat. chem. 
iingis, 196.0, 38, 13 

Dc-emulsifying agent (‘Fomesiol). (Hovers (Chemicals) lAd., 1 9. >9. Feeds 
Fleet ro polished surfaces. Jacquet. P, J. less-common Met.. 1959, 1, 439; 

Sewell. V. B„ et al, Cuuad. J. Chem., 1959, 37, JSl.J 
Kffect of light. Fedot’ev, N. I 1 ., et al, Zh. prikl. Khim.. 1959, 32, 1395 
I Mice t of supersonic, field, tiuuberg, A. M., Zh. ptikl. hhini., 1 9: >9, 32, ot.M 
ivflect of velocity, Copson, H. R. i Vi>m>*«Mi, I960, 16, 130 
Films on heated surfaces. Chen. X. G., Zh. prikl Khim.. 1959. 32, 1519 
Joints. Fischer. C.. & Zit ter, IF, Wcrhst. u. h’onosion. I960, 11, 17 
Welds: aluminium. Fa timer, K. (»., j ■ Inst. Met., 196.0, 88, 13V; Skvortsov, 
f. ]., Svarachnoe I’roisvodstio, 1959. 32, IH 

low-alloy steel. Briggs, J.). C.. et al., Corrosion, 196(1, 16, V05t 
stainless steel. Warren. I)., Corrosion. I960, 16, JI9t; Hopkinson, 
B. F, , A McDowell. D. W„ Welding J.. 1959. 38, 1885 



132 


REPORTS ON Till-: PROGRESS OF APPLIED CHEMISTRY 


Economics. Landis. .V J.. C'otwjijh, I WO, 16 , I Tilt 
Translation of foreign terms. Schikorr, (I., Cou<'<i<>n, |%ii, 16, ;t\!t 


Ilt'flks. confritiite* nti-i :HrV reports 


Society of Chemical Industry. Monograph No. In, 'O illusion Problems of the 
Petroleum Industry’. P.ido dxmdon: The Society! 

Rhodiu. T. N. sod.). Physical Metallurgy of Stress Corrosion’. P.uVj (New Vork 
and London: Interscionce Publishers) 

Xeugebauer, C. A . et a!., ‘Structure and Properties of Thin Films*. Ll.Vt 
i New York: John Wiley! 

M vans. U. R.. ‘Corrosion and Oxidation of Metals**. 1 W.<i, loot no. [London 
Edward Arnold i 

Putilova, 1. N . al.. Metallic Corrusion Inhibitors’, English Translation, pjiiti. 
PW» pp. (London: Perga mon Press! 

Fedotey. N\ P.. a- Grihkhes. S Ya.. ‘Klectropolishing, Anodizing and Elcclro- 
1\ tic licking of Metals, English Iranslatiou, P.GVJ ^ledrliugton : Robert 
Draper Ltd.) 

Commissariat a FKnergie Atomique. 3rd Colloij. Metallurgv: Corrosion 
[Aqueous and Gaseous), <aci.iv, France. Julv p.Go. Hook, i'.u'.n -jjn pp 
i Amsterdam: North Holland Publishing Cu.j' 

Schikorr. G.. Hautige Korrosionschaden an Metallen und Ihre Wmieidung’, 
1W»0, 14 c, pp iStuttgart: Wiuwer) 

Soc. chem. In*!, a In.stn. cheat. Kngrs. Joint Symposium on the Protection of 
Gas Plant and Equipment. Sept |wn .London : The So. ii-tyi. in the press 

Deutsche Ge'-e.l.sch.iit fur Metalikundc. Korrosion |:i. Heiu.'ht tdx'r die 
Di'kussior.stagune Lochfrasskoimsion, DiisseMoit, Feb. I ‘.GO. Rnxhure 
PP- Wcinheim Bergstr., Germany: Wring Cheime, 

Deutsche Hun>cn-Gesells*Jiatt fur Piiysikali^ he ( herme und G, sell* hull 
Deutscher Chemiker. Kmrosion j-j. Hern In uber d<n II Kon cress den 
F.uropaiy'io-n Federation Korrodon m Frankfart-u-M, June LG* 
Pe o i\\ -mheim ik.Tgstr. : Wring Chemnq isee J. M,;. w p.Go, gg, 


Nelson. G. A. ed . ‘Corrosion Data Survey: ]W,n Edition*. P.m'.o ;Kinervvilie: 
Calif. >he!l Development Co Available in Europe from Hataafschc 
Internationale Petroleum Mnau. N.V., The Hague, :;o Card van 
Uylandtlaar.. P.O. Box b.'j 

Hattelle Memorial Institute, Corrosion and Deposits in Coal- an<l Oil-Fired 
Boilers and Gas Turbines: A Review of Available lufoimati* 

P'> pp. New York Amor. So. . nm, h. Engr*; London : P.-tgamon Pn -, 
Rogers, T. H . The Marine Corrosion Handlxiok' P.«:n go; pp r in 1 
McGraw-Hill Co.; London: McGraw-Hill Pubhdimg Co j 
Applegate, L. M„ Cathodic Protection', IWo ,Nl-w York: McGraw-Hill) 


LG! 



ORGANIC CHEMISTRY 




HEAVY ORGANIC CHEMICALS 

By D. F. LYLE, B.Sc., A.R.I.C. 

(ltsso Petroleum Co. Ltd.) 


Acetylene 

Tin: first plant to use the Societe Beige de 1' Azote (S.B.A.) acetylene 
process on a commercial scale was brought on stream early in 1960 
at the Carling works of the Houillieres du Bassin de Lorraine. In 
the process, methane, obtained as a by-product from ammonia 
synthesis, and oxygen arc separately preheated to H0(f\ mixed, 
burnt, and then shock-cooled by passage through a curtain of 
water. Both the burner and combustion chamber are made wholly 
of metal. The acetylene finally obtained has a purity of 99-1% (ij. 

Acids and anhydrides 

Pimelic acid is now being manufactured in market development 
quantities bv American Cyanamid of Now York, and its use is being 
studied in the development of novel polyester and polyamide 
resins and films. Pimelic esters may also prove to be useful 
plasticisers for polyvinyl chloride ( 2 ), 

A recent Russian development is the manufacture of aromatic 
dicarboxvlie acids or diamines from alkylbenzcncs, ammonia and 
oxygen with catalysts such as oxides of vanadium with titanium 
or tin additives. The oxidative ammonolysis reaction gives rise 
initially In dinitriles, which can then be either saponified to the 
corresponding dicarboxylic acid or reduced to diamines; c.g., 
terephthalie arid can be obtained from />-xylcnc or even from 
certain ter penes (J). 

An important innovation in phthalic anhydride process tech- 
nology was the introduction, by Scientific Designs Co. Inc., of a 
new catalyst which allows oxidation of either naphthalene or 
"-xylene, or mixtures of the two. to phthalic anhydride in fixed-bed 
vapour-phase reactors. Although it has previously been possible to 
use o-xylene in plants with the normal naphthalene oxidation 
catalysts, lower yields have always been obtained, but with the 
S.D, catalyst high yields arc obtained regardless of which feedstock 
is used (4). 

Another process developed bv the same company enables fumaric 
acid to be manufactured from almost any maleic-containing feed- 
stock. The base material may be either pure maleic acid prepared 
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from benzene or butenes, or impure by-product maleic acid 
solutions of the type obtained in phthalic anhydride, manufacture. 
The type of catalyst used has not been disclosed, but it is claimed 
that the process is a simple one which remains economically 
attractive even when operated at a rate as low as 1000 tons/ 
year (o). 

Peracetic acid entered the ranks of heavy organic chemicals 
with the starting up of Union Carbide's 10 million lb. /year plant 
for the production of this material. In the process used, acetalde- 
hyde is oxidised to its monoperacetate, in the presence of ethyl 
acetate, by air containing ozone as a catalyst. The monoperacetate 
is subjected to pyrolysis whereby free peracetic add and acetalde- 
hyde are obtained, the latter being recycled. The peracetic acid is 
used wholly by the producing company for further working up into 
a series of epoxy compounds, of which the most important group 
is epoxidised oils and fats for use as vinyl plasticisers (0, 7). 
Another peracetic acid process developed in the U.S.A. involves 
the oxidation of acetic acid with hydrogen peroxide as oxidant and 
a sulphonie acid cation-exchange resin as catalyst («V). 

The Distillers Co. is constructing a plant for the manufacture of 
acetic acid by a novel process involving the direct oxidation of a 
light petroleum fraction. The process allows the use of a fairly wide 
range of light hvdrocarbon feedstocks and, since only one stage is 
involved, it should show attractive economies over the two-stage 
ethyl alcohol-acetaldehvde route currently employed (.V). 

At the works of Earbwerke Hoechst a plant is on stream using 
a new process for making sorbic acid from ketone and croton- 
aldehyde. which are converted to an intermediate polymeric ester 
with a neutral zinc catalyst. This ester yields sorbic arid which is 
purified by a new distillation process. Both starting materials are 
produced from acetaldehyde (10). 

An experimental plant for the production of tereplitliaiic acid 
from toluene has been started up in Germany, using a method 
which entails the rhloromethylation of toluene and oxidation of the 
resultant compound to terephthalie arid. The process is con- 
tinuous. Dimethylphthalie arid and pyromrllitir acid are to be 
produced from xylene in the same* plant (//). 


Alcohols and esters 

A range of fluorine-containing alcohols has recently been intro- 
duced by E. f. Du Pont de Nemours. These consist of a series of 
trihydrofluoroalcohols containing an odd number of carbon atoms 
(from C 3 to C,,) prepared by the free-radical telomerisation of 
tetrafluoroethylene with methyl alcohol (12). 

Hie first petroleum-derived fatty alcohols will become available 
early in 1%1 when tin* Continental Oil Co, brings on stream its 



HEAVY ORGANIC CHEMICALS I .‘57 

50 million lb./year plant for the manufacture of straight -chain 
primary alcohols. The process is based on the work of Ziegler and 
others (13, 14) and utilises the growth reaction of triethylalumin- 
ium with ethylene to form a mixture of higher molecular weight 
trialkvlaUiminiums. These are progressively oxidised by small 
amounts of oxygen (air) to mono-, di- and finally tri-alkoxides. 
Hydrolysis of the aluminium alkoxide mixture gives a range of 
straight-chain alcohols with an even number of carbon atoms. A 
typical reaction product contains between 15% and 20% of each 
of the Cj, C 8) C 10 . C 12 and C M alcohols [13). 

The Oelancsc Corp. of America is constrvicting a 25 million 
lb./year plant for the manufacture of 1 ,3-butylene glycol, which 
has not previously been manufactured on a commercial scale (16). 

Aldehydes and ketones 

The production nf formaldehyde on a large scale by the direct 
catalytic oxidation of methanol over metal oxides is reported by 
Montecatini. In contrast to the normal formaldehyde process in 
which the combined oxidation and dehydration of methanol is 
carried out with a deficiency of air in the presence of metallic 
(mainly silver) catalysts, the Montecatini process starts with an 
air-methanol mixture, with a methanol concentration below the 
lower explosive level. This is passed over a metal oxide catalyst at 
300-100'', the formaldehyde yield being greater than 00%. Small 
quantities of by-product carbon monoxide and carbon dioxide are 
also formed. The advantages of this process are; longer catalyst 
life, higher yield and direct production of almost methanol-free 
formaldehyde solution (which obviates the need for rectification), 
higher reaction heat and better heat utilisation, simple and cheaper 
absorption equipment and reduced risk of explosion (IT, 18). 

The commercial production of methyl isopentyl ketone has been 
started by Union Carbide Chemicals U.S.A. It is claimed that this 
is tin* most economical high-boiling solvent available for vinyl and 
nitrocellulose lacquers (IV). 


Aromatics 

As a result of the naphthalene shortage in the U.S.A. , three oil 
companies. Sun, Ashland and Tidewater, have either planned or 
commenced construction of petroleum naphthalene plants, with 
a. total capacity of 350 million lb./year, at least one of which will 
come on stream in 1061. In addition, new plants under construction 
will raise U.S. e-xylene rapacity to 400,000 lb./year, most of which 
is destined for export to foreign plithnlic anhydride manufacturers 

m. 

Apart from mixed xylenes produced by Shell, significant quan- 
tities of petroleum-derived aromatic hydrocarbons have not, so far, 
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boon manufactured in the I'.K., but two new plants arc being 
developed. The B.P. California plant will produce o- and />-x ylene 
and ethylbenzene ( 21 ) and a British Celanese plant will produce 
benzene, toluene and xylenes ( 22 ). That the demand for chemical- 
grade benzene is increasing rapidly in the l T .K. is apparent from 
the fact that in 19’>9 the production of pure benzene exceeded that 
of motor benzole for the first time (23). 

Halogen compounds 

A two-step process has been developed tor the production of 
hcxachlorobenzcne from a partially chlorinated benzene, such as 
dichlorobenzene, which is treated with excess chlorine in the liquid 
phase to give a more highly chlorinated product. This is then 
vaporised and treated with excess chlorine in the presence of 
activated carbon, to give practically pure liexachlorobenzene. 

Another development is the chlorination of hydrocarbons using 
hexachloroethylene and an excess of chlorine in the presence of 
active carbon impregnated with cupric chloride. In this way, 
almost pure carbon tetrachloride can be manufactured direct from 
methane. Also described is the preparation of tri- and per- 
chloroethvlenes ( 24 ). 


Nitrogen compounds 

Glutamic acid, the monosndium salt of which is widely used in 
the Far East as a flavour-intensifying material, has so far been 
manufactured entirely from natural products. Ajinomoto fn. ol 
Tokyo, the world's largest producer. i< now constructing a plant 
for the synthesis of glutamic and starting from petroleum derived 
acrylonitrile (2J). 

Caprolactam is not, at present, manufactured in the t. K.. but 
it seems probable that large-scale production will commence in the 
fairly near future. British Knka and Imperial Chemical Industries 
fl.C.I.) have both announced plans to manufacture nvlon 6, and 
British Celanese {‘subsidiary of Tourtaulds) holds a nvlon 6 licence. 
British Enka have a caprolactam process, I.C.l. are negotiating 
for the U.K. manufacturing rights tf j a Soviet process, and 
Courtaulds have recently purchased t\K. rights to the Snia 
\ iscosa process. In this last-named process, toluene is oxidised to 
benzoic acid, which is tlwn hydrogenated to give hexahydrohenzoir 
acid. The final stage is to react this with nitrosvlsulphuric acid, 
when caprolactam is obtained directlv. This process will first, be 
used in Trieste, when- a 20,000 tons, year plant is under con- 
struction ( 26 - 28 ). 

A /3 million acrylonitrile plant, Britain's first, was commissioned 
by I.C.l. early in 1060 ( 20 ). The acetylene hydrogen cyanide 
proas- used is the same as that used by the majority of arrylo- 
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nitrile manufacturers in other countries, although a few plants rely 
on the addition of hydrogen cyanide to ethylene oxide, with sub- 
sequent dehydration. Some of the newer acrylonitrile processes 
have, however, been developed to the commercial stage. 

In Germany, Knapsack Gricsheim are producing acrylonitrile 
via lactonitrile obtained from acetaldehyde and hydrogen cyanide 
( 30 ). In the U.S.A., the Soldo Chemical Co. have a plant for a 
process based on ammonia, air and propylene. Basically, this is a 
one-step, catalytic, vapour-phase reaction carried out at moderate 
temperatures (below 900'f) and low pressures (loss than 3 atm.) 
with a residence time of only a few seconds. Although the company 
have not given details of the catalyst, it seems probable, from a 
recent Belgian patent application (571,200), that bismuth phospho- 
molybdatc is used (37, 32 ). 

The Ugilor Co. of Franco are building an acrylonitrile plant 
which will use the Distillers Company's Ammoxidation process. In 
this, propylene is first oxidised to acrolein, which is then reacted 
with ammonia and oxygen, in the presence of a molybdie oxide 
catalyst, to give acrylonitrile ( 33 ). 


Paraffins and olefins 

Some details of a new Shell process fur the manufacture of iso- 
prene have been revealed (-37) which indicate that the cost of this 
important synthetic rubber intermediate should he significantly 
lower when new plants using the process come into operation. 
Starting from a mixture of butylene and isopenteno, four steps arc 
involved: (1) catalytic dehydrogenation to give a mixture of buta- 
diene, isoprem* and small quantities of other unsaturated hydro- 
carbons; (2) distillation to give a middle cut containing the 
butadiene and isnprene; (3) further distillation to separate the two 
diolefins; (4) final distillation to purify separately the butadiene 
and isoprene ( 36 ). 

The required butylene is obtained by a standard butane de- 
hydrogenation process. For the manufacture of high-purity iso- 
pen tone a new extraction process has been developed in the U.S. 
by Sinclair Petrochemicals, which differs from the conventional 
process in that it enables the sulphuric acid used in the extraction 
to be recycled without reprocessing ( 30 ). 

A Russian development described as a ‘promising new method 
for the production of ethvleno and propylene’ involves the pyrolysis 
of ethane and propane in the presence of oxygen at atmospheric 
pressure and at a temperature of about 850°. Conversions of 73% 
of the ethane and 91% of the propane arc claimed, compared with 
a conversion rate of less than 50% by the standard thermal 
pyrolysis process. The construction of a plant having a throughput 
of 175,000 tons/year of propane is envisaged (37). 
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Phenol 

The Dow Chemical Co. is putting up a 36 million Ib./year phenol 
plant for a new process, described previously in patents (<36‘) , which 
is claimed to have the two great advantages over the established 
phenol manufacturing processes of not being dependent on benzene 
and of avoiding the production of excessive quantities of by- 
products. The process involves two-stage oxidation of toluene, hirst 
to benzoic acid, part of which is then oxidised to phenol, the 
unreacted benzoic acid being recycled (o,V). The Scientific Design 
Co. has also announced a new phenol process in which it claims to 
have overcome the problem of oxidising benzene direct to phenol 
with little, if any, by-product formation (-/tf). 

In the early part of 196A. the British Hydrocarbon Chemical 
Co. phenol plant using the Distillers cumene process was started 
up successfully. The plant (the first of its kind in Britain) has a 
capacity of 13,000 tons year, and comprises two units, (1) for the 
preparation of cumene by reacting benzene with propylene, and 
?2‘) for the oxidation of the cumene to hydroperoxide, which is then 
split into phenol and acetone. The process is a continuous one (.//). 


General 

A review of radiation-induced reaction- -aigge^t* that lhi< tech- 
nique could become of maj-T importance to the heavy organic 
chemicals industrv within th ,v next .'i-io years. Apart from the 
usual chain reactions leading to pnlvmer*. various mm-chain 
chemical svntheses su^h as the > hlorination, sulphorhlnrination 
and sulphoxidation of hvdn < arbons, and the production of corn- 
pounds such as pheiml. aniline and hydrazine, are described (•/!?). 
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DYESTUFF INTERMEDIATES AND 
FLUORESCENT BRIGHTENING AGENTS 
By 

A. K. SARKAR, Ph.D., and D. A. W. ADAMS, B.Se., Ph.D. 

{Hickson 1 1 'rich Ltd .. ('astleford, Yorks.) 

(1) Dyestuff intermediates 

General 

Thk task fit the reviewer of such a held as dyestuff intermediates 
becomes more and more difficult as the pattern of organic chemical 
industry changes. Two or three decades ago almost any aromatic 
chemical could be regarded as being associated with the dyestuff 
industrv: today, many such compounds have their main uses in 
some other held plastics, fibres, pharmaceuticals, agricultural 
chemicals, etc. -and there is no question but that the bulk of 
patent activity is in connexion with these mainly non-dyestuff 
intermediates. Because these reactions are of general interest in 
the dyestuff intermediate field, and also for the good reason lh.it 
they do not logically fall into anv other section of these review*, 
they arc included here. 

Tor the products required in fair tonnage, the emphasis i* on 
continuous operation and on < atalvtic processes. This applies to 
alkylations (springing from the petroleum field), to reductions for 
such important products as the tohiylenediarnines required for 
polyurethanes, to oxidations (akin to the oxidation of />-.\ylene to 
terephthalic arid for synthetic fibres), and to catalytic isomerisa- 
tions generally. 

Academic studic* during the period under review have been 
mainly concerned with physical properties such as infra-red and 
ultra-violet spectrum characteristics, and with kinetic studies on 
the reduction and sulphonation processes, and above all on the 
mechanism of diazotisation. 

Some novel intermediate for, mainly, azo dyes are disclosed in 
-evcral patents. 


Benzenoid intermediates 

The various unit processes have as usual been reviewed in 
Industrial & Jittgiiteerini* Chemistry (/). 
briedel ( rafts alkvlation*. of aromatic livdroearbon'- with olefin'* 
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continue to receive uttemiun; the use of an active clay or a nitro- 
hydrocarbon as promoter has been proposed (2), whilst enhanced 
yields are claimed using some oxides of metals of the vanadium 
group (3). Alkylation of toluene with aliphatic alcohols in presence 
of molecular complexes of alcohols and boron trifluoride at 50-60 
atm. and 170 ~1K(P gives mainly />-alkyltolucnes and a small pro- 
portion of dialkyltoiuenes (*/). 

There has been a number of investigations on the ehloro- 
alkylation of a variety of aromatic compounds. Toluene or xylene 
may be chloroalkylated continuously in good yields by treatment 
with hydrochloric acid and formaldehyde if the aqueous hydro- 
chloric arid is drained off periodically, cooled, saturated with 
hydrogen chloride and returned to the reaction mixture (5). When 
chlorobenzene is treated with paraformaldehyde and anhydrous 
zinc chloride, only />-chlorubenzyl chloride is formed and no e-isomer 
could he isolated (6‘). An acetone solution of o-nitrophenetolo, on 
chloro-alkylation with dry HIT and paraformaldehyde in presence of 
anhydrous zinc chloride, gave 2-nitni-l-chloromethvlphcnetole in 
good yield (7); T-nitro-l-chlorometliylphenctolc and l-nitro-2- 
chloromethylphenctole were also prepared similarly in good yield. 
Aroyan & Titunyan (<V) have investigated the cliloromethylation of 
phenols and eresols extensively. Good yields of (he corresponding 
ehloromcthyl eompounds were obtained by carrying out the 
reaction in benzene solution with formaldehyde, and concentrated 
hydrochloric acid saturated with HCl gas. 

Several patents have been taken out on the isomerisation of 
dichlorobenzenes. One describes continuous isomerisation of o- and 
jMiehlorobenzene in a reaction vessel fitted with a rectification 
column, at elevated temperature in the presence of aluminium 
chloride, surface-active agents and compounds of metals of the 
1st, 2nd, 4th and 8th Group of the Periodic Table. A con- 
version of n~d id i loro benzene to ;»-dichlorobenzenc is claimed (0). 
Another patent describes an improved process for the preparation 
of m- front />-dichlorobenzene {10). Isomerisation of o- t m*. and 
/Mliehlorobcnzem* at 120 and 1SIV in the presence of 0-276 IT 
ntol. rtf aluminium chloride has been studied by some Russian 
workers; the equilibrium mixture contains o- 12%, />- 55%, and 
mi - isomer 55% (77). 

The kinetics of the sulphonation of isomers of xylene and ethyl- 
benzene with sulpliuric acid have been studied; the rate of sul- 
phonation increases with increase in the r.p.m. of the stirrer up to 
a critical value, beyond which it remains constant. Apparently 
sulphonation occurs in the acid phase (72). In the disulphonation 
of benzene, sulphone formation can occur both from benzene and 
benzenemonosulphonic acid but not from the final w-disulphonic 
acid; sulphone formation is hindered by presence of sodium 
sulphate (73). In a study of the sulphonation of toluene, a method 
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is developed for determining tuluene-m-sulphonic acid in a mixture 
of isomers, based on the conversion of the sulphonir. acids into 
sulphonchlorides, nitration, saponification, reduction and bromina- 
tion with a parallel determination of sulphuric acid and titration 
with a nitrite solution (14). o- and />-ethylbenzenesulplu)nic acids 
are prepared from ethylbenzene by direct sulphonation or from 
n-nitroethylbenzene: the m.p. diagram of the binary system of the 
nitro-5-benzvlthiouroniuxn salts of o- and />-ethvlbenzenesuiphonic 
acids was constructed to determine the composition of the mix- 
tures (li }. The kinetics and equilibrium of the mutual conversion 
between o- and />-toluenesulphonic acid wore studied at various 
temperatures in aqueous sulphuric acid by the same author ( Hi ) ; 
the rate of conversion obeyed the lirst-order kinetic law. A novel 
process for the manufacture of resorcinol comprises alkali fusion of 

2.4- dichlorobenzenesulphonic acid to the 2,4-dihydroxv-conipound 
followed by desulph-mation with dilute sulphuric acid {17). 

When toluene is nitrated with mixed acid in presence of an 
oxidising agent like vanadium pciitoxide <>r manganese dioxide, 

2.4- dinitrobenzaldehvde is obtained in reasonably good yield (IS). 
Phosphates of phenois when nitrated with mixed acid give nitro- 
phenols with simultaneous saponification of the phosphate group 
{19 ) ; thus. tri>-{/>-ehlorophenyl) phosphate dissolved in inono- 
hvdrate and nitrated with a mixed acid ('53 : i>7 11\0 3 H 2 S0 4 ) at 
10 : gave 4-chloro-i-nitruphenol. Preparations of a variety of A - 
and /)-nitr ( '>‘ •anilines l>v rnainlv standard methods or slight varia- 
tions of them have been reported (’JO). l.Ttra-violrt sjmm tra (in the 
range 2l0-2 s 0mp) and infra-red spectra (in the range 1300— 1 ♦>()(> 
cm." 1 ) have been investigated for all isomers of mono-, di- and 
tri-nitrobcnzencs and nitn-ndurnes (except 1,2,3-trinitrubenzene). 
Introduction of a second nitro group decreases the conjugation by 
increasing competition for electrons of the ring and results in a 
hypsochromic .diift in the ultra-violet. The infra-red spectra show a 
splitting of the symmetrical band (of the nitro group) wherever 
one nitro group is ^tmngly hindered. The asymmetric band fre- 
quencies fall iiito three ranges: mononitru 1 — 1 5 4 0 rni. 1 , 
dinitro 1 539 -1552 cm. l , and trinitro 1554 1 r»*>7 cm. 1 {21). 

A most interesting paper on the kinetics of the reduction of nitro- 
compounds by -odium disulphide has recentlv been published by 
Ogata and co-workers (22). [he reduction of nitrobenzene by 
sodium disulphide to aniline has been studied kinetirally between 
30“ and bO” in 70 ami 10 vol.-° f) aqueous rnethanolir solutions with 
an ultra-violet spectrophotometer; the rate was found to be pro- 
portional to Na 2 S 2 1 . Production of the toluylcnediamines has 
received considerable attention; of particular interest is catalytic 
hydrogenation in the molten state, using dinitro compounds con- 
taining less than 500 p.p.m, of nitrocresols, whereby the hydro- 
genation can be safely carried out at 90 135 at ordinary or slightly 
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elevated pressure, without the formation of tarry by-products (23). 
The catalyst employed is a palladium/charcoal or nickel/silica type 
and the dinitrotoluencs are used in the form of a slurry in de-ionised 
water. Aromatic amines are alkylated in the nucleus by reaction 
with an aliphatic olefin at elevated temperatures and pressures 
with a variety of catalyst mixtures like an aluminium compound 
of an aromatic amine and a metal halide (Al, Zn, Ti, B, etc.) (24). 

The mechanism of animation of fluorochlorobenzenes by metal 
amides and aqueous ammonia lias been studied by some Russian 
workers (23 ) ; reaction of o-fluoruchlurobcnzcne with sodamide in 
liquid ammonia for a h. gave 83” 0 wdluoroaniline, whereas the use 
of .‘>1 % aq. ammonia in the presence of a little cuprous chloride for 
(> h. at 2a IT pave ino% o-fluoruaniline. 

Colour stabilisation of aromatic amines has formed the subject 
of a few patents. In one. unsubslituted phenvlenediamines are 
stabilised by addition of (M)l-V! 0 of elemental sulphur either 
before or after distillation (20a). In another, arylamines and 
naphthvlamines are effectively stabilised against discoloration by 
the addition of a small amount of an acetoacetarylamide (20c), 
whilst in a third, the addition of 0*01-0*5 W (I of ethylcnethiourca, 
dibutyl tin oxide or dibutyl tin Iaurate has been suggested (26b). 
The acetylation technique for the determination of primary or 
secondary amines lias been adapted to the direct photometric 
titration of aromatic amines which arc unsubstituted or sub- 
stituted with alkyl, alkoxy, hydroxy and halogen groups. The 
absorbance in the ultra-violet region of the spectrum is measured 
as a function of the volume of standard aeetylating reagents (27). 

The electronic structure of JH-naphthylamine has been studied 
from the point of view of explaining its metabolic reactivity 
(carcinogenic activity) by Trench research workers. Static and 
dynamic structure inrJires were calculated by the LCAO method, 
and these; were used to account for the chemical reactivity of the 
molecule. Certain aspects of its metabolic reactivity were explained 
by complex formation between p-nuphthylaminc and a cellular 
acceptor-element in the organism (23). 

Beuzonilrile is obtained by continuous vapour-phase oxidative 
ammonolysis of monoalkylbenzcne in the presence of steam and 
catalysts like tin or titanium vanadate (29). High yields of aromatic 
nitriles are obtained by treating aromatic mono- and di-carboxyl ic 
acids, anhydrides, amides and unities with ammonia and a con- 
ventional dehydrating catalyst such as alumina, in such a manner 
as to minimise decarboxylation by limiting the time in a heated 
zone (30). A number of patents has been taken out on the reduction 
of aromatic nitro compounds with sodium and potassium amalgam. 
Thus, a continuous process for the preparation of <w'-hydrazo- 
toluenc is run in three stages: in the hrst stage, o-nitrotoluene is 
reduced to azotoluene, which is then treated in a second stage with 
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J current strength and an alkali concentration of 40-09%, and 
finally in a third stage to give hydrazo toluene (31). Similar reduc- 
tions of p-n itrotoluene and o-nitroanisole have also been described. 
Azo- and azoxy-benzenedisulphonic acids are prepared in very high 
vield by oxidising sulphanilic acid in alkaline solution with 
chlorine, hydrogen peroxide nr oxygen in the presence of a catalyst 
like osmium tetroxide (3'J). 

In a study of the kinetics and mechanism of diazotisation. 
Schmid <$: Woppmann (Jo*) determined the velocity coefficient of 
the initial reaction during the diazotisation of aniline in perchloric 
acid and in buffered nitrite solution at 0 , l.V and 25 1 and used the 
data for the calculation of the free activation enthalpy (*. the 
activation entropy N. and the activation enthalpy II for the tem- 
perature range 0-25 . The mechanism of the diazotisation of aniline 
has been studied spectrometricallv in 66 71% sulphuric acid and 
57-61 ° 0 perchloric acid, under which conditions the stoicheio- 
metric nitrous acid is largely converted into ionised nitrosonium 
salts (34). The results appear to be inconsistent with any mechanism 
involving a rate-determining nitrosation of the amino group, and 
indicate that a new factor, the rate of proton transfer to the 
medium, ran become important at high aridities. Thermal stabili- 
ties and infra-red spectra <T some solid metal-salt-stabilised di 
azonium salts have been studied by measuring the rate of nitrogen 
evolution at 9s (3-5). A detailed review on the structure of dia/.u 
compounds has appeared in a Russian journal ( 30). 

A continuous process for diazotisation of amines is described, 
whereby amines which diaz<>tise relatively slowly because of their 
low solubility or coarse grain size can In* re-circulated or made to 
react in a series of vessels arranged in a cascade (37). Nitrogen 
peroxide dissolved in a solvent like nitroethane is coo!e<| to -7<» 
and nitric oxide is passed in to give nitrous anhydride; gaseous 
boron trifluoride is then bubbled into the dilution, giving the 
complex, KF 3> N’ 2 (J s> which reacts in organic »a»l vents with even 
such weakly ba>i< amino a- 2,4-dinite 'aniline to give the di 
azonium compounds in a drv. stable form A mixture of a 
primary arvlamine devoid of solubili-ing go /tips, an organic 
nitrite, a non-ionic and a cationic surf, n ••-,«< five agent, and a 
water-miscible solvent has good stability and gives a clear diazo 
solution on auditir.it ion (30). It lias been clamed that aromatic 
compounds other than primary amines r< a< t with nitrosyl deriva- 
tives of inorganic acids, in presence of an inert organic solvent to 
give diazonium compounds. Thus, 2 methoxy 5 nitrobenzene 
diazonium sulphate has been prepared bv tin- action of a solution 
of sodium nitrite in sulphuric arid on a solution of /i-nitrnanisolc 
and mercuric oxide in sulphuric acid (40). 

The reaction of diazonium salts with nucleophiles lias been 
studied by various authors. In one study, rates uf reaction of 
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various n- and /^substituted halogenobenzenediazonium ions with 
thiocyanate, which results in substitution of thiocyanate for 
halogen, have been measured by following the course of the 
reaction with u C-labelled thiocyanate ion (41). In acidic aqueous 
solution tetrazotised />-phenylenediamine reacts with chloride, 
bromide, thiocyanate and azide ions to yield the corresponding 
^-substituted benzenediazonimn ions at rates far greater than that 
of any reaction of the second diazonium group. The mechanism of 
those substitution reactions is believed to involve transition states 
with bonding w-nitrogen as well as carbon (42). The evidence on 
aryl-group migration in the nitrous acid deamination of amines 
was examined in so far as it hears on the problem of the mechanism 
by which nitrogen is lost; the relative rates of aryl migration and 
interconversion of rotational isomers of the open earbonium ion 
intermediates were calculated (48). The replacement of the di- 
azonium group bv the nitro group has been studied, and an 
improved preparation of o- and />-dinitrobenzenes described (44). 
The ionisation constants of the diazonium ion group in substituted 
benzoic and phenvknvtic acids were measured potentiometrically 
and spertrophotometncally. The rates of bromination and coupling 
roughly support these data {•/•)). 

Oxidation processes, and the preparation of carboxylic acids, 
have again received considerable attention, many of the patents as 
usual relate to tcrephthalir, phthalio and isophthalic acids and are 
therefore considered in the chapter on ‘Heavy Organic Chemicals’ 
(see pp. 135- MO above). However, some of the processes can be of 
more general use, for example, the liquid-phase oxidation of alkyl- 
substituted aromatic compounds in organic acid medium in the 
presence of a metallic bromide and a ketone or other organic 
compound which forms a peroxide under the reaction conditions 
(4(>). In a process for making aromatic aldehydes from aromatic 
hydrocarbons and carbon monoxide, a complex metal fluoborate 
is used as a catalyst (*/?). 


New intermediates 

New bis-yj-aminophenvlbutadienes are prepared by condensing 
^ mol. of /-nitro- (or />-acetamido-)bcnzaldchyde with 2 mol. of 
succinic anhydride and then reducing (or hydrolysing) the product 
(48). These compounds can be used as diamines in place of benzi- 
dine etc. for tin: preparation of disazo dyes. Dye intermediates for 
azo dyes substantive to celtulosic fibres are prepared by refluxing 
stiIbcnc-4, 4 '-dicarbonyl chloride with J acid and pyridine (*/#}. 
New coupling components (50) comprise substituted anthranilic 
acids, 3,l,4-C0 4 H*C,H a X(NH-CHV'C0-NHj) 1 where X is H, Cl or 
Br and Y is alkyl or arvl. New aromatic amines suitable for diazo- 
tisation and conversion to azo dyes are prepared bv condensation 
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of an isocyanate with a sulphonamide in a mixture of sodium 
carbonate and acetone or another non -hydroxy la tod solvent (61 ) ; 
examples are .V-(.>-amino-l-hydroxybenzenesulphonyl)- and A 
(4-ammo-:Thvdroxy-b-methylbenzcnesiilphnnyl)-A' / -othyhirca. The 
preparation has been described of new intermediates comprising 
aromatic diamines with oxygen and sulphur bridges, such as 
4-amino-4'-(/>-aminophenoxy)diphenyl ether or thioether; they 
gave new yellow to brown to red cotton, nylon and rayon dyes (52). 

Naphthalene and acenaphthene intermediates 

Naphthalenes are separated from hydrocarbon mixtures con- 
taining them by countercurrent ly contacting the mixture with an 
aqueous solution of a selective solvent for naphthalenes, such as a 
higher aliphatic alcohol, an alkvlene glycol, pulyalkylenc glycol 
or an ether of such alcohol or glycol, at elevated temperature 
Vapour-phase isomerisation of a l-methvlnaphthalenc to naph- 
thalene and dimethylnaphthalene over synthetic alumino-silicate 
has been studied (5^); isomerisation proceeds rapidly at 27ir and 
the rate increases with temperature up to Soo-flfjU . 

Naphthalene-2, 0-disulphonic acid is obtained by heating a metal 
salt of the 2,7-disulphonic acid to at least 2o(J' in an inert atmo- 
sphere and in presence of a catalyst like mercuric or chromium 
oxide (oo). The migration of the alkyisulphonyl residue in alkyl 
l-chloro-8-naphthvl sulphones has been investigated (5/i); ap- 
jjarentlv migration of SO.^K is a characteristic of only the I.N- 
isomers and is associated with the space reaction of the peri-( 
distorting the valence angle at (], t) and 

Separation and identiheation of naphthol- and naphthylamine- 
sulphonic acids by descending paper chromatography and on 
alumina columns has been described (6 7, 66). and the i\ r values of 
the main constituents and those of associated compounds are 
reported. A photometric method for determining naphthinnic acid 
in technical 1 -naphthol- l-sulphonic acid has been outlined (60). 
X-ray powder diffraction data are presented for la organic com- 
pounds (t 20); these permit the identification of the azoic coupling 
components of Naphthol AS, some of its derivative* and related 
compounds. 

l-Hydroxy-2-A’-x-f3-sulphobenzamido)ethvlnaphthoainide is 
prepared by heating phenyl l-hvdroxv-2-naphthionate with excess 
of ethylencdiamino, reacting the product with w-chlororarbonvl- 
benzenesulphonyl chloride and hydrolysing (6/). New azo dyestuff 
intermediates are obtained by the action of fj-chlorocrotonic acid 
on aminonaphtholsulphonic acids like l-amino-H-naplithol-3,6- 
disulphonic acid (02). New coupling intermediates for azo dye* 
have been described in which a radical of the biphenyl series is 
connected to the amino groups of two t>- or 7-amino- 1-nnphthol- 
3-sul phonic acids (63). 
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3-Bromo-, 3-chloro-, 4-chloro- and the unknown 4-bromo- 
aeenaphthene were synthesised by thermal decomposition of the 
double salts of the 3- and 4-acenaphthencdiazonjum halides with 
a zinc halide (6*4). Nitration of acenaphthene with nitric acid of 
different concentrations and with mixed acid was studied in several 
solvents. The best results were obtained at 1 fi— 20° (65) when a 
yield of 99% was obtained with concentrated nitric acid, 4,5- 
Dicl i loro-2, 7-din itroacenaplithene was obtained in good yield by 
nitration of 4,5-dichloroacenaphthcne (66). 

Antbraquinone and polycyclic intermediates 

A review has l>een published on the photopolymerisation of the 
compounds of the w&w-anthraccnc series (67). Syntheses of ,3- and 
iNfluoro-f, ^benzanthracenes, 3-flu oro- and 4'-fluoro-I0-methyl- 
/,2-bcnzantJiraccne.s from J-napJjthyJarnine have been described 
(6<S). 6- and 7-lhioro and 6-met boxy- lO-midhyM ,2-benzanthra- 
cenes have also been synthesised (60). It has been shown spectro- 
scopically that the passage from 1,4-anthraquinone to the 
2>dihydro-derivative results in the same change in the spectrum 
as is produced in the formation of the bisulphite adducts from 
l-nitroso-l-anthr<»l and 1 ,4-anthraquinonedioxjme. Thus, the latter 
substances react with sodium bisulphite in the quinoncoxime form 
and add the bisulphite across the double bond in the quinoidal 
form (70). An alkylated or arvlated anthraquinol is produced by 
the catalytic hydrogenation of an alkylated or arvlated anthra- 
quinone in a solvent medium containing up to 10% of a chlorinated 
hydrocarbon (71). Sulphones of the antbraquinone series are pro- 
duced by the action of aryl sulpliinates on haloantbraqui nones in 
Cellosolve (72). x-Hydroxy-[4-nitroanthraquinones are produced by 
treating an antlirnquinone, containing in the a-position a halogen 
atom, a hvdroxv grou]) or a nitro group, and which is unsubstituted 
in the [4-position, with a nitrite or a complex nitrite of an alkali 
metal and an acid in a water-miscible organic solvent (73). Good 
yields of bis-diazu compounds from 1,5- and 1 ,8-diaminoanthra- 
quinones can be obtained by diazotising for 20 h. in cone, sulphuric 
acid at 0-5" with drv sodium nitrite (74). The addition of potassium 
bromide helps the diazotisation of all aminoanthraquinones. The 
A* f values of 24 aminoanthraquinonc derivatives have been found 
(75) using four solvent systems on Whatman paper No. 3. The 
synthesis of 1- and 2-anthraldehydos have been investigated (76) 
by treatment of ]- and 2-anthronit riles with a deficiency of lithium 
aluminium hydride. 

A new synthesis of phenanthrenes starting from cyclohexanone 
has been reported bv Russian authors (77). Cyclohexanone is 
condensed with an acyl chloride and the resulting acyl-2-chloro- 
cydohex-2-enc is then treated with ethylene glycol and KOH to 
give the monoethvlene ketal of 2-acylcyclohexanone. This on 
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treatment with l'H 2 Ph*MgCl followed by ryclodchydrogenation, 
gives a 9-alkvl-l,*2,o < 4-tetrahvdrophenanthrene, which is further 
dehydrogenated to a 9-alk\lphenanthrenc. Tlic self-condensation 
product from 9-phenanthrenealdehyde regarded previously as 
9,9'-phenanthroin was identified as 9,9-phenanthril (78). The true 
9.9'-phenanthmin was prepared in good yield from phenanthrene- 
aldehyde bv treatment with potassium cyanide. The different types 
of deformation which may be affected in phenanthrene owing to 
the intramolecular sterie impediments of some of its atoms were 
discussed in a recent paper (T#). Both the deformation affecting 
only tilt 1 sterically hindered atoms and that affecting the entire 
molecule were treated. 

Alkali and alkaline earth metal derivatives of cyclopmtadienes 
react easily with pyrylium salts to form o-hydroxy- or 5-alkuxy 
2,4-pentatlienylidenefulvenes which split off water or alcohol with 
ease to give azulenes (80). Dicyanoethylation of 9-aimnoiluorcne in 
acetic acid solution in presence of cuprous chloride has been 
described (Si). Methvltluorenono derivatives were prepared bv 
oxidation with selenium dioxide of the corresponding fluorines, 
and their ultra-violet spectra are given 


Heterocyclic intermediates 

Investigations in the heterocyclic field have been main’ and 
varied, particularly because of the importance of heterocy* lio in 
pharmaceuticals. A great deal of selection ha> therefore been 
nece^arv in preparing this review, and in general attention has 
been limited to work on fundamentally new structures, to reactions 
of general interest, and to n»w compounds specially described a> 
dyestuff intermediates. 

Derivatives of benzonaplithofuranol, particularly i arbowai \ I- 
ides, are coupling components for azoic dyes (88). The starting 
material is prepared bv the condensation of I nml. uf resorcinol 
with naphtharpiinone in acetic acid containing a little sulphuric 
acid, A process is described according to which the reaction ol a 
Sr’ hi tf base of tin* general formula, Rf H :\R' (where R' i^ a lower 
alkyl of :i to »i carbon atoms), with an arvlnitmmethanr in the 
presence of an aliphatic acid gives z nitroarylethylencs of high 
purity (84). Compounds like :MVnitrostyry])furaii and 
chloro-3-nitrostyryl)fnran have been prepared by this method. The 
reaction of esters of acrylic, fumaric, and crotonic acid with 
sulphur, and the preparation of tetraphenylthiophcns, was studied 
(#5). The best method for the latter comprises interaction of henzil 
with dibenzyl ketone to give tetraphenylryclopcntadiene followed 
bv heating with sulphur. f'ltra- violet absorption spectra of •> 
substituted-2-nitrothiophfns anrl their vinyl analogues have been 
determined (86’): the effect of the nitro-group was greater in the 
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corresponding furan series, thus demonstrating the more aromatic 
character of the thiophen ring. 

Oxidation of 2-nitropyridine-5-carboxylic acid has been studied 
and the use of its esters in ester-type condensations investigated 
(67). The nitro-group proved to be very labile towards nucleophilic 
substitution. New ibamino-8-hydroxyquinolines, e.g , 6-([i-hydroxy- 
ethylammo)-8-hvdroxy-2-phcnyIcinchonic acid, yield azinc dye 
images by development with />-phenylcnediamine followed by 
bleaching and fixing {$$). The several steps in the synthesis of 
enrbazolcs by the Bischler reaction have been studied (69); the 
reaction of 2-chloruryclohexanone with arylamincs is best carried 
out in a high-boiling solvent (Cellosolve) in presence of sodium 
carbonate and a small amount of quinoline. The improved pre- 
paration of a number of substituted 1 ,2,3,4 -tetrahydrO(\arbazo}es 
was also reported. 

Ultra-violet absorption spectra of haloindoles and haloindole-2- 
carhoxylic acids have been tabulated and plotted for 10V\i 
solution. Introduction of halogen into the benzene ring does not 
modify substantially the indole absorption, whereas substitution 
in the pyrrole ring has effects varying with the position of the 
substituent [VO). 2-l’vanoethylene-indolincs are prepared by re- 
ading a 2-niethyIimIoline derivative with a cyanogen halide at 
elevated temperatures in presence of an inert solvent and an acid- 
binding agent (.V/). lndoline on nitration gives fi-nitroindoline in 
quantitative yield, and tins on oxidation with ehloroanil gives 
5-nit roindole (92). Preparation of other halogeno- and nitro- 
indolines and indoles are also described. 

5-Ami no-3, l-dieyanopyrazoles are prepared by reacting a tetra- 
ryanoetlivlcne with a mmiosubstituted hydrazine ; the products arc 
churned to be useful in tin* syntheses of dyes and dyestuffs inter- 
mediates (fio). A new and improved process for the well-known 
intermediate,' 5-uinino-3-niethvlpyrazole, has been described (9-/) 
in which NH a *XH , (‘().iJ£t is condensed with CX*CH 2 , Oie:XH, 
Induction of i-nitrosopyrazole by hydrazine hydrate gives either 
tile 1-aminopyrazole or the 1, P-azopyrazole according to the 
solvent used (.9.5). In ethanol, the former is the main product, 
whereas in acetic acid the azopvrazole is obtained. Derivatives of 
l-benzyl-5-pyrazolones substituted in the 3-position are described, 
the required benzvlhvdrazine being prepared from hydrazine 
hydrate and benzyl chloride. (99). When phenylhydrazine is refluxed 
with acrylonitrile in butanol containing sodium, 3-amino- 1 -phonyl- 
pyrazoline is obtained in good yield (9?). Various other derivatives 
of 3-amino- 1-phcnylpyrazolinc are also described. 

4-Nitro-O'phenylcnediainine has been condensed with several 
aromatic aldehydes in acetic acid to give 2-aryl- l-arylmethylnitro- 
benziminazoles and 2-arylT>-(or f>-)nitrobenziminazoles (96). In 
many cases verv good yields are obtained. Sterie hindrance exists 
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in the quaternary salts of 2-(/Mlimcthylaminophenyl)benzimin- 
azole and its 1 -methyl-analogue as shown by examination of their 
spectra in comparison with those of the sulphates of these bases 
(99). The same phenomenon existed in the quaternary salts of 
similar benzthiazoles, benzoxazoles and pyridines. Condensation 
of benzthiazolvlhydrazines with aeetoaeetic ester leads to the 
formation of benzthiazolylpyrazolones ( WO) which can be used for 
the synthesis of cyanine dvcs. Synthesis of isothiazole (1,2-thiazole) 
has been reported (101) and numerous derivatives have been 
prepared. Two synthetic routes were used. one of which involves 
the oxidative cleavage of 5-aminobenzisothiazole. 

The coupling activity of a number of diazotised heterocyclic 
amines with phenol ethers and with aromatic hydrocarbons has 
been investigated : derivatives of 1,2.4- and M.l-thiadiaznle 
possess a particularly high reactivitv which surpasses that of 
diazotised 2.4-dinitroaniline (102). The synthesis of a number cl 
bis-2-benzoxazoles, representing a new class in winch the two 
benzoxazole nuclei are linked bv simple alkvlene or arvlem* ('ha ins, 
is reported (103). Polvphosphorie. acid was used as condensing 
agent. 2-(2 -HvdroxvphenvUbenzoxazole is obtained bv condensing 
o-aminophcnol and phenvl salievlate f 1 01 ) ; if the condensation is 
carried out in an inert atmosphere and the product is subjected to 
alkaline and acid purification, the luminescence of the product 
increases. The preparation of a number of asymmetric 2 1 fwliaryl- 
1,3,4-oxadiazoles has been described [103, 100). These compounds, 
obtained from intermediates of the tvpo ArCO XH X :( HAi \ art 
claimed to be useful intermediates for the manufacture of fives. 
Infra-red absorption spectra of a number of 1,2,4-oxadiuzole 
derivatives have been reported (107). 1 ,3, 1-Oxadiazoles. described 
as useful dyestuff intermediates, are prepared from a bvdrazine 
compound and a carboxvlic acid or ester in presence of phosphoric 
acid (103). o-Diamines of the benzene series, when treated with a 
dihalogenoaretir acid in acid medium and the resulting 2-fdihalo 
methyljbenziminazole hvdrolvsed, give 2-formvlbenziminazotev 
also described as useful dyestuff intermediates (109). A new rh*^ 
<if boron-containing heterorveles, borimidazolines, are prepared 
by condensing an alkvl- or arvl-boronic a< id with e-aromatic 
diamines (110). 
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(2) Fluorescent brightening agents and ultra-violet 
absorbers 

Fluorescent brightening agents 

The U.S. Tariff Commission gives the production in 1959 at 
7 million lb. with sales at 0-9 million lb. valued at $ 1 6*8 million, an 
increase by about 20% over the 1958 figures (7). 

There has been increased activity in this held during the last 
12 months. A number of interesting review papers describe the 
applications and uses of these compounds in various fields, viz., 
their use and application on wool textiles (2), on wash-and-wear 
cotton (3), the use of polyvinylpyrrolidone as a retardant, etc. (t7). 
The evaluation of optical whitening agents fluorimetrieally (5) and 
the degree of whiteness imparted by them to fabrics (6) have also 
been the subjects of many investigations. 

Among theoretical studies was that of the 'ortho effect’ in 
2-arylnaphthotriazole systems: a substituent in the ortho position 
causes a shift in the A m x to shorter wavelengths and a reduction in 
the intensity of absorption, whilst electron-attracting groups in the 
para position cause an increase in both A irU!t and in the intensity of 
absorption (T). The influence of various substituents in various 
positions of the anthracene nucleus on the displacement of the 
absorption and fluorescence spectra compared with those of 
anthracene has been studied by Cherkasov (&) ; with many poly- 
'Ubstitutcd anthracenes the value of the shift is equal to the sum 
of the shifts caused by each individual substituent. The quantita- 
tive relationship between the degree of deviation from coplanarity 
of the molecular configuration and the ultra-violet spectrum, as 
well as quantities such as the extra resonance energy and the band 
orders, have been determined for simple stilbene-type compounds 
by calculations based on the simple Lf AO molecular orbital 
method (-9). 

A number of patent applications has been made based on 
variations of already well-known chemical types; thus, several 
patents (10) cover new substituents in triazinylstilbenes, one of the 
first classes to be used commercially as fluorescent brightening 
agents. They all claim special properties, such as stability to 
varying pH conditions, substantivity to different substrates, etc. 

The coumarin structure has received more attention than of late. 
Benzcoumarin derivatives of the general formula (I) are prepared 
by reacting a hydroxynaphthaldehvdc with a carboxylic acid or 
ester which contains a methylene group adjacent to the carboxyl 
group, e.g., malonic acid, cyanoacetic acid, acetoacetic acid, etc. 
(11a). Another variation (lib) covers coumarins and benzeoumarins 
having at position 3 a group, CO'Y*R,*NR a R s , where Y is 0 or 
NH, R, is alkylene, and R 2 and R 3 are alkyl. When the group at 
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position 3 is phenyl substituted in the para - position by NH-COX 
(X is alkyl) the products arc effe ctive on polyacrylonitrile (lie). 

Tetrazoles obtained by diazotising an am inostilbene triazole and 
reacting with formylhydrazinc have been claimed by Bayer (lid) 
as good whitening agents, as also have (lie) stilbvltriazoles of the 
type (II). 



«-Q-' 


_ jN 
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SOjH SOjH H 
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Quite a number of patents cover ajs-dibenzoxazolylethylene 
compounds, which, depending on their exact structure, are effective 
on a variety of synthetic fibres (12a). Fluorescent compounds con- 
taining a be nzi m inazole nucleus have been extended to dibenzimin- 
azolvlthiopheii derivatives (12b) and to dibenziminazolvlfurans 
(12c), which are particularly suitable for whitening polyacrylo- 
nitrile, Brighteners for cotton and svnthetic fibres of the dibenz- 
iminazolylpyrrole type have been patented by CIBA (12d). 

Azainonomrthincya nines have been claimed as bleach-stable 
brightening agents for eellulosir and synthetic fibres (13), and 
fluorescent anthrndipvridazone compounds, which can be used as 
whitening agents for synthetic fibres either by incorporation at the 
melt stage or by treatment from an aqueous suspension, have also 
been reported (14). 


Ultra-violet absorbers 

Interest in this held is rapidly increasing, as is evident from the 
number of new compounds reported and also from the improve- 
ment of methods of manufacture and slight structural alterations 
(fleeted in already known ones. The structure and absorption 
spectra of a number of ben zo pile nones have been studied (/o). The 
ultra-vio let and infra-red spectral changes on substitution are 
related to structural changes for a number of benzophenones on 
tlie assumption that henzophenone is initally non-plauar, and that 
increased non-planarity may be caused by o-snbstituents. A process 
lor preparing polyhydroxyarylphenones, according to which a 
hydroxyarylearboxylic arid is condensed with a phenol in the 
presence of a mixture of phosphorus oxychloride and zinc chloride, 
has been described (76’). New products of the type 1,2,3,4-tetra- 
nietho.xy-ft-methyl-6-(3-methyUmt-2-enyi)benzene, which are solu- 
ble in non-polar solvents and oils, absorb ultra-violet light and 
hnd use in sun-tan lotions (i7). 

Azoli ■ compounds in which the two carbon atoms adjoining the 
azoic ring arc also members of a benzene ring, and in which tire 
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carbon atom situated between the two hetero atoms of the azole 
ring is linked to a carbon atom of a pyridine ring, have been 
described (18a). Azoles are also claimed (18b) in which two carbon 
atoms of the azole ring are simultaneously members of a benzene 
ring and in which the carbon atom between the two hetero atoms 
of the azole ring is bound to the carbon atom of another benzene 
ring which contains an ethoritied hydroxyl group in the ortho 
position to this link. New 2-phenvlbenztriazole-l-oxidr derivatives 
(79) are prepared by coupling a diazotised o-nitroanilinc with a 
substituted phenol or aniline capable of coupling in the ort /im- 
position and then treating with sodium dithionate to reduce and 
eyclise. New fluorescent compounds ('JO), which art' useful ultra- 
violet absorbers, are coumarins having a heterocyclic substituent 
at position such as (III). 



CH 

0 >O3 



SC.*; 


Polvene compounds which protect photographic, him nniijin 
sitions against ultra-violet light have been claimed by Agfa (Ji). 

Finally . compounds of the type RNH*C f> H 4 -CO( 11 A ’X-f>, 
where R is acvl. X is halogen and V is a quaternary nitrogen, ran 
be used in emulsions, waxes, oil>. etc., for protection of the skin 
against ultra-violet light fJ2). 
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DYESTUFFS 


By C. V. STEAD, B.Sc., Ph.D., A.R.I.C. 

(. Imperial Chemical Industries Ltd., Dyestuffs Division) 

The year 1959 saw a very considerable increase, over the previous 
year, in the value and quantity of the total exports of dyestuffs 
from the major manufacturing countries. This increase was accom- 
panied bv a decrease in the price per ton of dye. as shown by the 
figures in Table I 1 1). 


Table I 

I'.i.V* 


Exports 

Metric 

ton*. 

.. , Value, 

\ alue, 

... per ton. 

million A , 

, ,, thousand 

dollar .<< , i, 

dollars 

Metric 

tons 

Value, 

million 

dollars 

Value, 
per ton, 
thousand 
dollars 

Western Germany . . 


:mc, 

■Jl.'JTn 

<;k*h 

:hh 

l.'nited Kingdom 


:ir»" -d 7i 

lo.spti 

•j.st; 

-J i,J 

Switzerland* 

I ].< 


s,r,s-j 


•K.S 

L'.S.A 

r., 7 :*s 

•jo-:* 

5,0:57 

If'C 

:h;h 

France 

4.105 


:ui* 


•J-iiT 

Japan 

•J.5- fti 

•j lain 

- 5,r ’ 

:i‘j 

1 as 

Total 

G1.3M 

I 3on 

7.J.5-H 

UtilU 

.rv 1 


• Figures compiled from the imports of j* countries coven in it). 

The figures for the United Kingdom’s trading in dyestuffs for the 
first eleven months of I960 indicate that the trade expansion h;t> 
continued. Thus for 1 9 BO exports of dyes are estimated at 23.T* 
thousand cwt. valued at £11-7 million, compared with ‘J!l-*» 
thousand cwt. valued at {KMJ million for the corresponding period 
in 1959 ; during the same period imports have risen to KK> thousand 
cwt. valued at /40 million from 30-1 thousand cwt. valued at 
ff.j-f) million (2). 

Academic work on dyestuffs during 1900 has covered a divert 
range of topics and the flow of fundamental work, particularly 
from the Soviet Union, has been fully maintained. In the patent 
held, about 450 British, Belgian and U.S. patents have appeared, 
of which about 50% originated from Germany and 15% cadi from 
the United Kingdom, the United States and Switzerland. Par- 
ticular emphasis has been placed on reactive dyes and these have 
now become well-established products; at least six reactive dy< 
ranges are now commercially available (3). 

100 
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The mechanism of dyeing has been considered from the point of 
view of molecular shape and the effect of steric influences on fast- 
ness properties, substantivity and uptake of reactive dyes dis- 
cussed (-f). 
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AZO DYES 

The year lias seen the investigation of a variety of aspects of 
dinzutisation and diazonium salts. In dilute perchloric acid the 
diazotisation of feebly basic aromatic amines is acid-catah'sed and 
(irst-onlcr with respect to both amine and nitrous acid (/). At high 
acidities, the rate-determining step in diazotisation appears not to 
be nifrosafion nf the amino gn»up; a new factor, the rate of proton 
transfer to the medium, becomes important (2). The diazo exchange 
reaction, i.e., tile establishment of an equilibrium 

R NH 2 j R'-X : N R*N : X+R'*XH. 

when a diazonium salt and an amine are mixed, had been thought 
to proceed via decomposition of the diazonium salt into amine and 
nitrous acid followed by rrdiazotisation. This mechanism is now 
untenable since exchange nf nitrogen has been shown not to occur 
between isotopically labelled nitrous acid and a diazonium salt (3), 
I he structure of aromatic diazo compounds has been discussed 
(4) and the structures of some o-diazo oxides investigated; 4,(i- 
dinitro-2-diazopbenoI and its 3-methyl- and 3-hydroxy- derivatives 
are quinonoid, whereas the 3-earboxy-derivative and 5-nitro-3- 
diazosalieylic acid are bonzenoid in character (5). The hydration 
constant of the diazonium cation in the equilibrium 

OJN-Vh-N ;xq H 2 0 . ^ 0 3 K-Ph-N:N*0 +211 + 

has been determined and calculated theoretically as 7+5 xlO’ 16 
and 6-3x10 18 respectively (6 1 ). The diazonium salt-diazotate 
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equilibrium has been studied photometrically in relation to pH and 
a consistent scheme proposed for the changes involved (7). 

The behaviour of the ^>-phenylenediaminebis-diazonium ion in 
water has been studied; at pH 2-4 it is in equilibrium with the 
mono-tfHh'~diazo hydroxide and mono-an/i-diazotate ; the mono- 
syn -diazotate is assumed to isomerise extremely rapidly and the 
mono *sy n-diazo hydroxide undergoes first-order decomposition to 
the phenol (5). In the ^-phenylenediaminebis-diazonium ion then* 
is a marked activation towards nucleophiles. Thus one diazonium 
group is replaced unusually rapidly by chloride, bromide, thio- 
cyanate or azide ions (.9). Similarly, the halogen atom in o- and 
^-halogenodiazonium salts is activated and susceptible to nucleo- 
philic attack by the thiocyano ion (10). 

The photoisomerism equilibrium of azobenzene has been shown 
to be temperature-dependent (11), and whilst it has not proved 
possible to detect phototropism in aqueous solutions of />-amiiui- 
and p -hydroxy- azo compounds, it is readily detectable in solutions 
of ^>*alkoxyazo compounds; in these compounds the rate of 
reversion is slower in water than in alcohol or acetone (72). 

Polysiloxane azo dyes have been prepared by using lirst or 
second components carrying trialkoxysilvl groups. The corre- 
sponding monomeric dyes, which may be prepared under substan- 
tially anhydrous conditions, polymerise in water. These polymeric 
dyestuffs have the hitherto unrecorded property of affinity for 
glass fibres and consequently can be used for dvcing this material 

\lS). 


Water-soluble dyes for wool and nylon 
(1) Reactive dyes 

Whilst not yet having achieved the same degree of importance 
as reactive dyes for cellulose, reactive dyes for wool and nylon have 
attracted considerable interest. Dyes of this class are, in the main, 
based on activated unsaturated compounds capable of undergoing 
addition reactions with the amino groups of the fibre. Typical 
activated unsaturated groups are the vinylsulphone {/•/), vinyl- 
sulphonamido (16a), and acrylamido (Job) groups. In addition, the 
methanesulphonyl esters of hydroxyalkyl sulphoncs and sulphon 
amides are reactive towards these fibres ( lf)a). Halogcno compounds 
capable of undergoing condensation with the amino groups of the 
fibre are represented by the dihalogeno-s-triazinyl (10b), halogono- 
acylamino derivatives of 1:2 metal complex dyes (16c) and 
V1TS| mV b\ T Vbe, d\W V cum- 

pounds (1H)\ these latter arise by condensation ol a suitable 
dyestuff, e.g., orthanilic acid -> 4-methylbenzoyl-H-acid with iV- 
methylolchloroacetamide ; in the example cited, condensation 
occurs at the '1-position in the pendant phenyl ring. 
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(2) Non-reactive dyes 

(a) Metal-free . — In previous years, work on dyes devoid of 
anionic solubilising groups and solubilised solely by sulphonamide- 
type groups has been reported ; dyes of this type give level dyeings 
from a neutral or weakly acid bath. Thus, e-arylsulphonylsulph- 
amoylanilincs diazotised and coupled on to naphthylamine- 
sulphonamides dissolve easily in hot water and can be dyed in this 
way (19). Kccent patents have disclosed dyes which retain these 
good dyeing properties whilst being enhanced in solubility by the 
presence of one, or at the most two, sulphonic acid groups in 
conjunction with the sulphonamide-typc group (20). 

(b) Metallised and metallisable dyes. — Neutral-dyeing metal - 
complcx dyes solubilised by sulphone, sulphamoyl and sulphon- 
amide groups continue to attract interest { 21 ); variations on these 
groups have been the ureidosulphonyl (-S0 2 *NH-C0’NH 2 ) group 
(22) and the sulphainamido (-XH*S0 2 ’NH 8 ) group (23). Much work 
has concentrated on mixed 1 :2-chromium complexes for obtaining 
tertiary shades and blacks either devoid of anionic groups, e.g., 
the neutral dyeing black mixed 1 :2-chromium complex from 
4-nitro-2-aminophenoI -» 8-methanesulphonvlamino-2-naphthol 
and 2-aminophenol-I-sulphonamide -> 2-naphthol (24) or solubil- 
ised by a single sulphonic acid group (25, 26a). In the deep and 
tertiary shades obtainable from this latter type skitteriness is not 
noticeable and dyes such as the black mixed 1 :2-chromium com- 
plex from 4-nitro-2-aminophenol — > 2-naphthol and 4-(3'-sulpho- 
phenylazo)-3-methylanilinc ~> 2-naphthol (26b) can be dyed in 
heavy shades from a neutral or weakly acid bath. 

Some unusual first components have been used, e.g., e-hydroxy - 
anilines carrying an oxazolin-2-yl or oxazin-2-yl group (27a) or an 
(>xazolid-2-on-3-yl group (27b). The preparation of oo'-dihydroxy- 
azo systems for metallisation by condensation of e-hydroxyphenyl- 
liydrazines with o-quinones, e.g., phenanthraquinonc, has been 
described (23) and the dianils obtained bv condensing arylazo- 
malondialdehydes with n-hvdroxvanilines have been metallised 
(2.9). Treatment of an o-chloroV-hvdroxyazo compound with 
copper sulphate, glycerol, sodium hydroxide and a sulphonamide 
yields the copper complex of an o-sulphonamidn-e'-hydroxyazo 
compound; decoppering and re-chroming yields the corresponding 
chromium complex (30). 
ttyes for cellulose 

(I) Reactive dyes 
Since tta. sAmcwV cA. VW 

dyes tor ceftirtose have rapidly increased in importance 
and now dominate the patent literature in this field. Intensive 
patenting of monohalogeno- (31) and dihalogeno- (32) s-triazinyl 
dyestuffs and also metallised halogeno-s-triazinyl dyes (33) con- 
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tinues; in this latter class, many patents refer to chromophores 
which are the copper complexes of appropriately substituted 
sulphonated arvlamines diazotised and coupled with amino- 
naphtholsulphonic adds. Process details are given f° r the appli- 
cation of halogeno-s-triazinyl dyestuffs to the fibre in conjunction 
with resin-forming materials (34a). Replacement of a chlorine 
atom or atoms in these triazinyl dyes by negatively substituted 
aryloxy (e.g., ^-sulphophenoxy) or arylthioxv groups (34b), by the 
thiocyano group (34c) or by the sulphonic acid gruup (34d) leads 
to products which are similarly reactive toward cellulose. The 
alternative halogeno heterocyclic systems based on pyrimidine 
have also attracted further attention, more examples of <3i- (3o) and 
tri-halogenopyrimidinyl dyes (atf) being disclosed. 

Considerable interest has centred on halogenoacyl or halogeno- 
acylamino dyes (3r) ; compounds with groups such as [J-chloro- 
crotonyl (55a) , fljl-dihalogeno or a3^-trihalogenoacryloyl (38b), 
Ji-halogenoacryloylamino (-30), [i-carboxy-a or 3-halogenuacryloyl* 
amino (40) and 2-hydroxy-3-halogenoprupyl or glycidyl (41) have 
been the subject of patent claims. In addition to vinylsulplmnes 
and their precursors such as 3-sulphatoethylsulphones and chloro- 
ethylsulphones (42), other groups containing a sulphonyl linkage 
form the basis of reactive systems. Thus sulphon- ^-halogeno and [i- 
sulphatocthylamido (43), $ulplion-2-hydruxy-3-halugenoprupyl- 
amides (44), sulphonfluorides (4o) and sulphoncthylcneitnines {40 > 
have supplied further classes of reactive dyes. 

(2) Son -re active dyes 

Xvn-metallisabU.—ll ha^ been shown that the colour imparted 
bv a multiplicity of azo linkages deepens as the number of such 
linkages increases to o or 1; subsequent increase in the. number of 
links does not give further deepening and eventually leads to a 
decrease in intensity (47). 

Tctrakisazo dyes have been prepared by linking aminodisa/e 
dyes with tereplithaloyl chloride (48) and disazos by linking 
aminoazos with phosgene or fumaroyl chloride (•/.'/). 

Metallised and metallisahle dyes.- The absorption spectra of 
benzidine disazo dyes having sulphonic acid groups adjacent to the 
azo linkages exhibit strained conformations due to repulsion be- 
tween the sulphonic acid groups and the unshared electrons on the 
nitrogen atom. A similar degree of strain is exhibited by the 
coppered derivative devoid of adjacent sulphonic acid groups and 
hence the stone consequences of coppering are comparable with 
those of incorporating an ortho sulphonic arid group \/>0). 

Blue-green, twice-coppered trisazo dyestuffs prepared by re- 
ducing a n it ro mo no azo dye (e.g., 1 -chloro-G-nitro-2-naphthylamim 1 ' 
4,8-disuJphonic acid 2-naphtiiol-.V»-disulphomc acid) with glu- 
cose and sodium hydroxide are claimed (5/a). Once-coppered 
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trisazo dyes formed by coupling two molecules of a diazotised 
amine on to the copper complex of l,5,]',5'-tetrahydroxy-2,2'- 
azonaphthalene-7,7'-disulphonir acid are also reported (526). 

Dispersed dyes 

A new range of dispersed, polyester-soluble pigments has ap- 
peared in which the careful choice of substituents on conventional 
dye structures has led to high fastness properties and particularly 
good sublimation fastness (62). 

2-Aminothiazoles continue to attract attention as diazo com- 
ponents. Those carrying 5-sulphone (53a) or 5-sulphonamide (53b) 
groups give, when diazotised and coupled on to tertiary amines, 
bright red shades of high fastness properties. 

In addition to the sustained interest in hydroxyalkvl (54) and 
ryanoalkyl (55) groups as JY-alkyl groups in conventional tertiary 
amine coupling components, the acyloxyalkvl group (55) is 
achieving some importance, particularly in combination with either 
an hydroxyalkvl or a cyanoalkyl group. 

Reactive dispersed dyes based on the monohalogcno-.s-triazinyl 
(57a) and dichloropyrimidinyl (57b) systems arc claimed. 

Basic dyes 

Basic dyes for polyacrylonitrile have been prominent, par- 
ticularly when the quaternised nitrogen atom is incorporated in a 
heterocyclic ring system. 2-Aininobenzthiazoles have yielded benz- 
thiazolium monoazo (5<fa) and disazo (on to arylamine, then on to 
phenolic or enolic coupling component) dyes (556). Indazolium 
dyes are claimed by coupling on to 6-hydroxy- (59a) and 6-amino- 
indazole (59b) and quaternising, whilst imidazolium dyes result 
from 2-aminoimidazole diazotised, coupled and quaternised (60). 

Azoic dyes 

A -Alkylated anthranilic acids carrying a nuclear sulphone (Ola) 
or sulphonamide (676) group are useful for stabilising diazonium 
salts as diazoamino compounds. The use of A T -aIkylated 4- or 
5-sulpho-anthranilic acids enables soluble stabilised diazonium 
salts to be prepared from the more difficultly solubilised diazotised 
aminoazu compounds; these yield very deep shades on neutral 
steam development with 2,0-hvdroxynuphthoic aryl amides (52 c). 

Solid stable diazonium salts are obtained by diazotising 4-(nitro- 
phenylazojchloroanilines (6’2rf) or 4-amino-2,5-dialkoxvazobcnzenes 
(62b) \ the latter are useful for the azoic dyeing of Tervlene in 
conjunction with 2,3-hydroxynaphthoic arylamides. The solid, 
stable diazonium salts from 2-amino-4,5-dialkoxy-2'-alkylsulpho»- 
vlazobcnzene are useful for obtaining green and black tints in 
azoic printing when applied with acetoacetarylamides (62c). 
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Pigments 

Methods are described for the continuous production of azo 
pigments (63) and for their preparation under anhydrous conditions 
bv kneading diazonium salts with coupling components together 
with small quantities of organic solvents ( 64 ). Filtration to give 
pigment press cakes of high solids content is said to be facilitated 
bv heating pigment suspensions with methyl cellulose or methyl 
starch until flocculation occurs (66). 

Heterocyclic first components such as i>-amino-2,4-diox<>quino- 
line (6*6\r) and 6-amino-3 f 4*dihvdrobenz-l,2,3-triazin-4-one (66*6) 
have been used to yield insoluble azo pigments of high lightfastness, 
and diamines such as AYY'-<Ii(aminophcnyl)terephthulamkles ( 67 ), 
4,4'-diaminophenylureas (6\S) and A\Y'-di-(3«aminuphenylsul- 
phonyl)phenvlenediamines (6*6) have been used to secure very 
insoluble disazo pigments. 
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ANTHRAQUINONE DYES 

Add dyes 

Reactive dyes continue to provide the main patent disclosures in 
this field. The mono- anti dichloro-x-triazinyl derivatives of 
l-amino-4-(aminophimylamino)anthraquinone-2-suIphonic acid are 
most useful for obtaining bright reddish-blue shades (/): reactive 
fives wherein flit* rhlorotriazinyl residue is connected to the 
pendant phenyl ring; through an aminoethvisulpiiamyl chain are 
also claimed (2). Introduction of a sulphomc acid group into the 
unsubstituted nnthraquinone ring gives greener shades (3d). 

Various other reactive groups have attracted attention: the £- 
halogonoalkylstilphamyl ((T-('IJ 2 *ClI.yNH*S0 2 -) (56) and acrvl- 
amido groups (■/) are said to be reactive towards cellulose* and wool 
respectively. Condensation of aiithraquinone dyes with A- 
rnethylolchloroacetamide gives reactive [i-ch lo r aeet a m ido methyl 
dyes for wool (.5) and dyes carrying an isothiocyanate group on a 
pendant phenylamino can be heat lixed to cellulose (6). 

l'Ainino-4-bromoanthraquinone-2-sulphonic add when con- 
densed with an aminonaphtholsulphonic acid (e.g., H- or J-acid) 
gives blue dyes which possess excellent affinity for wool. Coupling 
with diazotised amines converts these blue dyes into useful violet 
dyes (7). 

Dispersed dyes 

The emphasis in this held remains on finding dyes of good 
affinity for synthetic fibres. This property is claimed in several 
patents dealing with 2-suhstitutcd derivatives of l-amino-4- 
hydroxyanthraquinonc. Thus the w-(dialkylamino)alhyl esters of 
‘.Tcarboxylic acids (8), the 2-benzyl oxy (9) and, e.g., the 2-|3- 
chloroethoxy (10) derivatives are said to have good affinity for 
synthetic fibres. 1 -Ainino-2-alkoxy-4 -ethoxvearbony laminoanthra- 
quinones are also claimed to have good affinity, particularly for 
cellulose acetate (//). 

Reaction of I-amino-Miydroxyanthraquinonc with acrylic acid, 



170 REPORTS ON THE PROGRESS OF APPLIED CHEMISTRY 


followed by esterification, yields l-fi-alkoxycarbonylethylamino-4- 
hydroxyanthraquinone ; the marked bathochromic shift is not 
accompanied by a drop in fastness properties as is usual in *Y- 
alkylation (12a). Condensation of 1,5 (or 8)-diamino-4,8 (or 5)- 
dihydroxyanthraquinones with />-bromophenyl alkyl sulphoncs 
(12b) or dialkylsulphonamides (12c) yields />-alkylsulphonyl- or 
/>-dialkvlsulphamyl-phenvlamino derivatives which are blue dyes 
of good light fastness. 

Basic disperse dyes are represented by trialkvl-l-alkylamino- 
anthraquinon-ti (or 7)-ylsulphonamidoalkvlammonium salts (13a) 
and alkvl-(i-alkylanthraquinonylamino)pyridinium or quinolinium 
salts (13b). The positive charge in these dyes leads to high affinity 
(in synthetic fibres, particularly polyacrylonitrile. 

In the reactive dye field, dispersed anthraquinones containing 
one or more x-ty-bromo-^-hydroxypmpyl) amino groups are said 
to be superior in reactivitv to the corresponding chloro compounds 

(ID. 


I at dyes and pigments 

.Y-Methvlation of phthaloylacridones has been shown to produce 
a hvpsochrornic displacement of the wavelength of maximum ab- 
sorption and to reduce the affinity for cotton (13). The linear isomer 
of indanthrone has been synthesised by self-condensation of 
2-arnino4-bromoanthraquinonc or by condensation of 2,.‘l-di- 
bromoanthraquirmne with *2.‘I-diaminoanthra<juinone ; it is a 
reddish brown, in contrast to the blue of indanthrone itself (H>). 

Several patents have appeared describing the linking together of 
amino-containing vat dyestuffs via a difunctional linking agent. 
Thu.', ax-dichloro-ljli-diphenylcthane-l, I'-dicarboxylic acid (// } 
and stilbene-4,4'-dicarbo.\vlir acid (1< S’) have been used for this 
purpose, the latter giving substantive products. 4-4'-I)ichloro- 
diphenyl sulphone (19) and dihalogeno-3,4:8,9-dibenz]>yrene-a,l0- 
quinone {20) have been used to link two aminoanthruquinone or 
aminophthaloylacridone dyes and 2,4 trachloroquinazoline 
and 2,4-dichloro-6-phenyM J 3 1 :j-triazine have been used to link two 
dissimilar aminoanthraquinones (21). Yellow pigments arise when 
1-aminoanthraquinones are linked by pyridinedicarboxylic acid 
chlorides (22) and aminoacedianthrorn ,-s linked by condensation 
with dichloroanthraquinones give fast brown shades on cotton 
(23a). 

Dibenzacedianthrones, obtained by oyclising the condensation 
products of l,2-benzanthrone-9 and glyoxal are black-brown in 
shade as against the usual red-brown acedianthrone colour (23b). 

Several methods by which heterocyclic rings can be built up on 
an anthraquinone molecule are described. Those from o-hulogeno- 
nitroanthraquinones and 2-aminopyridine, pyridoimidazoloanthra- 
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quinones can be obtained. These are excellent orange pigments (24). 
Reaction of 2,3-dicyano-l/l-diaminoanthraquinone with amino- 
heterocyclic compounds gives isoindolenine dyes (e.g., 1 from 
2-aminobcnzimina ya >Ic) (26 ) . 



Cyclisation of the hydrazidcs of l-aminoanthraquinonc-2-carboxylic 
acids yields red l-amino-2-(l ,3,l-oxadiazol-2-yl)anthraquinone 
dyes for polyamide fibres (26a). Yellow indazole vat dyes arise 
from the condensation of 1,2-diaminoanthraquinones with benz- 
aldehyde or dichloromethylbenzene (26*6) ; the violet 3-phthalimido- 
t-methylbenzantbrones and their derived carbazoles are useful for 
spin dyeing (27). 

Reaction of 1-aminoanthraquinone with excess phthaloyl 
chloride gives not the usual dull red-yellow diamide but a bright 
greenish-yellow product which is not, apparently, either the 
phthalimide or ph thalamic acid (.?<$’). The use of a mixture of 
aluminium chloride and an alkyl or XY-dialkylurea enables 
dibenzpyrenedione to be brominated at a lower temperature to give 
Vat Orange I in superior form (29). 

Useful bluish -red to scarlet pigments arc obtained by condensing 
pcrvlene-3,l,9,lO-tetracarboxylic acid with a variety of alkylated, 
arylated and halogenntcd anilines (SO), and A’-(chlorotriazinyl- 
aminosulphoplienyl)imides of this acid or naphthalene-1 ,4,5,8- 
tetraearhoxylir acid provide reactive dyes (37). 
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OTHER CLASSES OF DYESTUFFS 

Phthalocyanir.es 

Continued effort on improving the process for making copper 
plithaloryanincs in pigmentary form is >ho\vn by a number of 
patents relating to its manufai tun? and subsequent treatment (/). 
Stabilisation against flocculation is said t* » be achieved by salt 
milling in the presence of diaikylani lines {2a) or heteroaromatic 
bases {2h ) ; incorporation of an insoluble metal salt of a sulphonated 
phthalocyanine and aluminium benzoate (<‘i) or turbulent drowning 
of sulphuric acid solutions containing an aliphatic glycol {4). 
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Similarly, process improvements are described for chlorinated 
copper phthalocyanines (5). 

Copper phthalocyanine containing hydroxyalkylarninomethyl 
groups on sulphonation gives dyes which have excellent wet fast- 
ness after heat treatment (6'). Similarly, metal phthalocyanines 
oxidised with dichloramine T (7a) nr, e.g., A 7 -bromosuccinimide (7b) 
give fast dyeings on heat development. Reactive phthalocyanines 
are claimed, reacting by virtue of monochloro-s-triazinyl (8 ) ; di- or 
tri-chloropyrimidinyl (0 ) ; acrylamino or g-halogenopropionylamino 
(10 ) ; p-chloro- or sulphato-alkylsulphamoyl (11a) or y-chloro-fi- 
hydroxypropylsulphamoyl groups (lib). 

Phthalocyanine analogues have been synthesised in which one 
or two of the isoindole rings are replaced by m- or />-phcnylene or 
1,4-naphthylene residues. The products, which are soluble in hot 
organic solvents, show a marked hypsochrornic effect; those with 
phenylcnc residues in place of isoindole exhibit a reversible colour 
change from yellow to red in the presence of acids, presumably due 
to the formation of onium salts (12a). Cleavage of the central 
N-Cu-N linkage in copper phthalocvanine, by forming a lithium 
complex, or shortening of this central linkage by replacing two 
peripheral nitrogen atoms by two double bonds, also shifts the 
maximum absorption peak to a shorter wavelength (12b). 

Indigo id dyestuffs 

Comparison of a scries of 5-substituted 1 -arniaphthcnyl-2- 
thianaphthenvlindigo dyes shows the absorption maximum to be 
shifted to longer wavelength by a 5-substitucnt in the order 
Mc<Cl<Br<I (13). The deepest dyeing on cotton is obtained 
from the 5-methoxy derivative (14). 5- and 6-nitrothioindigo have 
been synthesised and the absorption spectra compared with those 
of thioindigo and dinitrothioindigo (15). Condensation of 9-chloro- 
3-oxo-2 l 3-dihydronaphtlio( 1 ,2-b)thiophen with fi, 7-dibromoisatin 
gives a brown dye of good light fastness (16 ) ; a green-blue of good 
light fastness arises from condensation of 4-mcthyl-5-bromo-7- 
methoxyisatin-a-chloride with 5,7-dimcthvl-3-hvdTOXV-l-thia- 
naphthen (J7). 

Triphenylmcthane dyes 

The ortho positions in Michler’s Hydrol Blue are not equivalent, 
those on the ‘outside’ being less sterically hindered. A progressive 
bathochromic shift and reduction in intensity is shown as methyl 
groups are progressively introduced in the 2, 2' and 2* positions in 
Crystal Violet. The equivalence of the shifts indicates that the 
necessary rotational adjustments are shared between the aryl rings. 
The conformation of the 2,6-dimethyl derivative is discussed and 
evidence given against the existence of a conformational isomer of 
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Crystal Violet (16). Substituents introduced into the u-position on 
the unsubstituted phenyl in Malachite Green impart stability to the 
molecule {19). 

The acid salts of basic triarylmethane dyes in which the salt- 
forming acid is an acid triarylmethane dye are said to be useful for 
the preparation of clcan-to-handle carbon papers (20a). Con- 
densation of Michler’s hydrol with tris-(4-aminophenyl)mcthanes 
(20b), 10-(4-aininobenzvl)-3 ) 7-bis-(4-dimethvlamino)phenothiazine 
(20c) or alkvlaminobenzoates (20d) give colourless compounds 
which become coloured in contact with acids, e.g., tannic or phos- 
photungstic acid, and consequently are of use for transfer sheets. 

Amine-type tetrahvdroxytriphenylmethanes derived from cate- 
chol when heated with amines in vacuo or oxidised in alkaline 
solution give decplv coloured fluorenequinones; these compounds 
can be reduced to colourless leuco compounds or metallised (21). 

Heteroc vcl i c dyest ujtfs 

Cvanine dves have attracted much attention from Indian and 
particularly Russian workers, fundamental work being done on the 
properties of evanines of various structures, e.g., lluorine-containing 
cyanine dves (22). Cell constants and space groups have been 
measured for 3,3'-dimethylthiacyanine bromide and iodide and 
3.3'-diethylthiacarbocvanine bromide and iodide and the structure 
data correlated with other properties of cyanine dyes (23). 

Useful pigments ranging in shade from yellow to black air 
obtained bv condensing polyhalogenated isoindulenes with dia- 
mines (24 ) ; poly pyrazolone pigments of excellent resistance t<> 
solvents are obtained by condensation of bis-pvrazolones with 
chloroform, dialkoxymethyl esters, orthoformato or formamide 
\2oa). 

The acylation of leuco methylene blue with aromatic add 
chlorides at pH 3-6 is said to give the acylated derivative* in 
superior form and excellent yield (23b). 

The preparation of linear quinacridone pigments by condensation 
of dihalogenoterephthalic acids and arylamines has attracted 
further attention (^6*). a* also has the cydisation of the inter- 
mediate 2,5-fli-arylaminoterephthalic acids (£7). The bis-thio- 
chromes corresponding to linear quinacridones are useful yellow 
pigments (28). 

Miscellaneous dyes 

Reactive nitro dyes, reacting by virtue of a chlorotriazinyl group 
(29a) or a g-halogenocthylsulphamyl substituent (29b) have been 
described. Insoluble stvryl dyes for mass pigmentation are prepared 
by condensation of />-dialkyIaminobenzaldehydcs with evano- 
mcthylsulphonyl derivatives of aromatic compounds (30). 1,1,3- 
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Tricyano-2-aniino-o-aryIiminopropanes have the property of 
imparting different colours on different fabrics ( 31 ). 

A radiation-induced synthesis of Lauth's Violet by y-ray 
irradiation of solutions of />-phenylenediamine and hydrogen 
sulphide is reported ( 32 ). 
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POLYMERS IN PHOTOGRAPHIC MATERIALS 
By R. A. JEFFREYS, M.Sc., Ph.D., F.R.I.C., A.R.P.S., A.K.C., 
and H, M. WAGNER, B.Sc., Ph.D., A.R.I.C. 

(Kodak Limited) 

Polymers, which have always played a fundamental part in the 
production of light-sensitive materials, have found much wider 
application in the last two decades owing to the great progress 
made in both polymer and photographic science. However, a 
comprehensive review of the subject is lacking, although two short 
surveys by Kozlov have appeared in the U.S.S.R. (1). The emphasis 
of this report will be on recent progress in the design of polymers 
for film supports, colloids, and addenda in silver halide emulsions, 
and for light-sensitive non-silver systems. Limited space prevents 
a complete survey, and some applications, for example in electro- 
photograph)' and in the diazotvpc process (1959 Report), will not 
he considered. 

There has been some success in replacing well-tried polymers 
such as collodion (cellulose nitrate, used since 1850), especially in 
graphic arts materials, by purely synthetic compounds, but 
gelatin, first successfully used by Richard Leach Maddox in 1871, 
is still the preferred protective colloid for most silver halide 
emulsions. 

Film base 

The subject has been reviewed from the point of view of 
mechanical properties in a recent article by Calhoun (^). 

( cllulose derivatives 

The use of cellulose nitrate, similar to celluloid, as a film base 
was claimed by the Rev. Hannibal Goodwin in a U.S. patent 
application of 1887, but the patent (-3) was granted only in 1898. 
Meanwhile, Reirhenbach & Eastman patented a very similar 
support in 1889 (J). But cellulose nitrate film base is highly in- 
flammable and has now been almost entirely replaced by cellulose 
acetate base. The theoretical maximum acetyl content for cellulose 
triacetate is 44-8%, and early materials had a content of 40%, 
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which has risen to about 43% in more recent products. Other esters 
have been considered, and in 1937 Eastman Kodak developed a 
base from cellulose acetate-propionate (30%-14%) (5). 

The properties of cellulose acetate film are modified bv the 
addition of plasticisers to increase flexibility. The dimensional 
stability of this film base is inadequate for certain applications. 

Polyesters 

Recent work has, therefore, been directed towards producing 
supports from the newer synthetic materials, especially those with 
low water absorption and temperature sensitivity. Polyethylene 
terephthalate), similar in structure to Terylene, has a high melting 
point, is very resistant to moisture and thermal deformation (6‘), 
and can be used without a plasticiser to make film base. It sulfers, 
however, from the disadvantage that it is difficult to splice and 
scribe, and is subject to accumulation of static. Nevertheless, Du 
Pont have marketed Tronarb and Kastman Kodak have intro- 
duced 'Estar', both polyester supports. 

Photographic films with high solidity and clearness and con- 
sisting of a mixed polyester of ethylene terephthalate (tiO-SO%) 
and ethylene isophthalate {20-10%) are claimed bv Goodyear (7). 
Caldwell (A) describes polyesters from a glycol, l.-l'-sulphonyl- 
dibenzoic acid and an o-hydroxv-aeid. while another Kodak 
patent (9) discloses polymers from l.l-bishydroxvmrthylcyclo- 
hexane and terephthaiic acid. Linear polvesters containing ether, 
thioether, carbonyl or methylene functions are described in a 
patent issued to Gevaert (10), 

Poly(esteramides) 

In several Kodak patents, polymers with ester and amide links 
are described. Thus, Caldwell (11 a) claims polymers derived from 
A'-hydroxyalkvlamino-acids. A glycol and a simple diamine read 
with A A '-bis-f/>-carboxyb(*nzoyl)alkylenediamine to form poly- 
mers which ran be rendered water-permeable (11b). The products 
from the condensation of dibasic, esters containing an amide 
linkage, for example bis-(A’-cthoxyearbonvlphenyl)adiparnide, and 
glycols (lie), and linear polyester amides, which arc useful for 
making orient able fibres and film hast; (lid), are other examples. 

Polycarbonates 

These have been used as supports for graphic arts materials and 
may find wider application in photography. Hiphcnols, treated 
with phosgene in the presence of b 'o->, vield polycarbonate esters 
which in physical properties are equal to polyethylene tere- 
phthalate) film base (12), and in addition are readily soluble in such 
solvents as methylene chloride. Such a support was introduced by 
Agfa (13). Ansco produced a similar material under the name 
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Plestar 1 (14). Modifications of the original Agfa patent, leading to 
even greater dimensional stability, are claimed for polycarbonates 
in which ether or thioether groups separate pairs of aromatic rings 
(15a). A number of further patents elaborate variations in the 
polycarbonate structure (15b). 

S tv re hc and acrylic derivatives 

Otlier types of polymers have been patented as film supports, 
such as polymers or copolymers of substituted styrene derivatives 
(16). Polystyrene itself must be stretched to reduce its intrinsic 
brittleness before it can be used as a support. A base, especially 
suitable for films used to reproduce maps with high accuracy, is 
essentially a po!y(methyl methacrylate) (17). When 2-20% of an 
acrylic ester polymer is mixed with a methyl methacrylate-a- 
methylstyrene copolymer, extensibility and flexibility are much 
improved and a material suitable for film base is obtained (18a). 
Kodak (18b) have patented a continuous process for preparing 
photographic film where acrylonitrile and 0*5-15% of an acryl- 
amide are used together with some preformed polymer of a similar 
type. Acrylonitrile is made to yield graft polymers suitable for base 
when polymerised in the presence of partially reacted polymers of 
.V-(dialkvlaminoalkyl)acrylamide or methacrylamide (19). 

Miscellaneous sup ports 

An interesting film support is described in another (20) patent. 
A polymer containing hydroxyl groups, for example, partially 
acetylated cellulose or polyvinyl alcohol, is reacted with monohalo- 
alkvl isocyanate to form a monohaloalkvlurethane derivative which 
can be quaternised with a tertiary amine. 

Polyfvinyl chloride) and its copolymers have been claimed as 
supports, but suffer from the defect of temperature instability. 

The search for new and better film base polymers continues to 
interest many manufacturers. 

Subbing compositions 

While the new polymer supports have excellent physical and 
mechanical properties, they present a very hydrophobic surface on 
which to coat the light-sensitive emulsion. Most photographic 
emulsions, apart from some graphic arts materials, are hydrophilic, 
and it is, therefore, necessary to coal the supports with a com- 
position having powerful adhesion to both hydrophobic and hydro- 
philic surfaces. This is difficult to achieve w ith a single sub layer, 
and in consequence, many patents disclose the use of a series of 
sub layers with graded surface properties. It is convenient to 
classify subbing compositions according to the film supports for 
which they are designed. 
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Polyester base subs 

In several subbing compositions for polyesters, polyvinyl deriva- 
tives form part of the main copolymer backbone. Vinylidene 
chloride and a small quantity of itacunic acid are copolymerised to 
provide subbing materials, in a series of Du Pont patents (21). 
After an oxidising treatment with alkaline permanganate, poly- 
ester base can be subbed with a vinylidene chloride acrylic ester 
acrylic acid copolymer (22). Agfa (jsJ&i) claim the use of mixed 
acetal polyvinyl polymers from bcnzaldehvdc acetal, disulpho- 
benzaldehyde acetal and vinyl alcohol units. They also propose an 
unsaturated polyester composition derived from an aromatic 
compound with aliphatic hydroxyl substituents, and an aliphatic 
unsaturated dicarboxylie acid (^36). A low-molecular-wcight 
amorphous polypropylene sub which contains other polymeric 
substances such as gelatin or nitrocellulose has also been described 
(24). 

In a two-layer sub system from Du Pont (26), the lower layer 
consists of a thin coating of a polyester containing a polvmcthvlene 
glycol (with 2 10 methylene groups) and pnlv(ethvieno glvcol) 
(with 1-5 ethvleneoxy groups), followed by a water- permeable 
colloid coating. Another twu-laver sub for p'llvfethylene tore 
phthalate) supports ( 2b') consists of a uniform dispersion of urea 
formaldehyde resin, vinvl acetate cmtonic acid copnlvmer. and a 
pigment such as silica. Thi> is overenated with a hvdmphilic 
polymer containing a pigment. 

Perutz 1 2?) have patented a three-layer sub svstem consisting 
of a thin layer of alkylmethvl methacrylate polymer, an inter- 
mediate layer of organic cellulose e>UT, and tin-all v a hydrophilic 
colloid layer. 

Polycarbonate base subs 

Several Agfa patents on this topi<. have appeared. Thrcedav er 
wv\\y<v<V -.w?. \W ^V^\\ \s 

V'WaWA NSYOa a \\Yk\\ c\\\m\vV W\\\\ A' v\a\c ^-MpA'TO'T , UT 
molecular- weight inixt-d au-tai polymers, perhaps with 'ohibilbiiig 
groups, or a mixture of a jmlyivinyl chloride) copolymer with 
cellulose ester or cellulose nitrate. The middle sublayer is cellulose 
nitrate or cellulose ester, ami the top layer is gelatin, sometimes 
containing phthalic or >a]iryli< acid, and glvoxai. 

In another process (2Ka), a mixture of polycarbonate and nitro- 
cellulose or ethylene vinvl acetate copolvmcr is claimed. An 
additional coating of a polyfvinyl acetal) with free hydroxyl group-' 
is optional. 

Hydroxylic polymers, for example, vinvl chloride -vinyl alcohol 
copolymers with components or additional oo|)olymers derived 
from vinyl compounds of which one constituent may be saponi- 
fiable, are the subject of another Agfa patent (2Kb). 
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Polystyrene base subs 

Methacrylates key on to polystyrene and, mixed with more 
hydrophilic polymers, appear in several subbing compositions. 
According to Ilford patents, oriented polystyrene support can be 
subbed with poly(inethyI methacrylate) or methacrylic acid-alkyl 
methacrylate copolymer (29a), and oriented polystyrene-acrylo- 
nitrile him base with methyl mctli acrylate-met hacrylic acid 
copolymer (29b). These subs require additional layers of cellulose 
nitrate, followed by gelatin, before the light-sensitive emulsion is 
coated. 

Subs for polystyrene base (30, 31) consist of a polyester from a 
glycol and an aj-unsaturated dicarboxylic acid, and also a ter- 
polymer of butyl methacrylate, methyl methacrylate and meth- 
acrvlic acid with ft- -10% of a chromium salt. 

Polyvinyl base subs 

According to a Japanese patent (32), film supports of poly(vinvl 
chloride) or derived copolymers may be subbed with a mixture of 
vinylidcnc chloride -vinyl acetate copolymer and cellulose acetate, 
applied as a solution in acetone, benzene and tetrahydrofuran. 
Agfa (33) disclose a similar composition for poly(vinyl chloride) 
film base consisting <>f vinyl chloride vinyl acetate copolymer and 
nitrocellulose or a cellulose ester, but a further thin layer of the 
cellulose derivative is added. 

Tor certain emulsions containing pc »ly (vinyl alcohol), Gcvacrt 
(31) claim a subbing layer composed of polymers such as poly- 
styronesulphonic arid or styrene maleic acid copolymer, with the 
possible addition of gelatin. 


Gelatin replacements and extenders 

Gelatin replacement ha* received considerableattention. Gelatin, 

a vnymtoev o\ W\u\v.iie.pMoLograpYnc properties, and so 
far there is no single synthetic material to equal its combined 
action as a protective colloid, halogen acceptor, sensitiser, and 
retarder. 

Peptising agents 

Gelatin acts at the silver halide precipitation stage as a peptising 
agent, and after precipitation, as a binder or film-forming sub- 
stance. Replacements rarely fulfil both functions satisfactorily, 
except in slow materials. Poly (vinyl alcohol) is an adequate 
peptising agent, but restricts grain growth, so that its use is 
limited. Poly (vinyl alcohol) has been used as a peptiser and binder 
in a particle-tracking emulsion (35), and in a multilayer colour 
print material {36’). Sodium cellulose sulphate is a peptising agent 
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which permits subsequent Ostwald ripening of silver halide grains 
in the dispersion (3/) ; the binding medium is poly(vinyl alcohol). 
Ilford patents (&S) describe ammoniacal emulsions in which the 
silver halide is initially dispersed in polyethylene glycol) deriva- 
tives, and is subsequently washed and redispersed in gelatin. 

Materials containing copolymers of acrylic acid or its derivatives 
are useful both as peptisers and film-forming vehicles. Thus, a 
copolymer of acrylamide- JJ-methacrylamidoamino-acid betaine 
with a poly (vinyl alcohol) acetal (#?), a copolymer of acrylic acid- 
acrylonitrile with some other monomer units (40), mixed co- 
polymers of butyl acrylate-styrene (or acrylonitrile) and methacryl- 
amide-acrylic acid (41), and 2-vinylpvridinc methacrylic acid 
copolymer (42), are examples of complete gelatin replacements. 

Polvmers with structures more closely related to the gelatin they 
are intended to replace, are described by Kastman Kodak (44) and 
Ilford (44). These are, respectively, linear polyamides with extra 
linear hvdroxvl groups, and synthetic polypeptides derived from 
.Y-carboxy-a-amino-ueid anhydrides. In an effort to improve the 
properties of low-grade gelatin, gelatin graft polymers with hydro- 
philic and hydrophobic monomers have been synthesised (44). The 
peptised dispersion of silver halide in such a medium can be 
coagulated at pH 3*5 -5. and the coagulum is redispersible in water. 

Silver halide dispersion vehicles 

Manv polymer vehicles, compatible with gelatin, are available 
to extend the concentrated digested gelatino-silver halide emulsion, 
and to act as film forming substances. The property of reversible 
gelation is desirable, but not always essential, for the vehicle. Some 
polvnV'TS designed to replace gelatin do not g» l in solution and in 
consequence require -Urong'-r conditions of drying at th'- hhn 
forming stag'-. 

In addition to the film-forming polyvinyl derivatives mentioned 
in the previous section, poly f vinyl butyral) has been u*rd as a 
binder (40a), and I'b, starch amvlopertin ha* been used to replan- 
gelatin (40h h 

In a Kodak patent <ll), a binder wlibh allows vub-equent 
h.irdening of the layer to « ur. n,n>ists of a ]>o!y(vinvJ alcohol) 
derivative substituted with < vanoacetyl uroup>. 

It is ril-o po-dble t » disperse the aqueous peptised silver halide 
in a water-permeable polymer in an organic solvent. T his modifies 
the drying or setting properties of the cast film. Kthyl cellulose 
lias been claimed as oirli a polymer vehicle f •/.¥), and Gevaert (40 1 
describe a process in which an aqueous silver halide emulsion K 
dispersed in a hydrophilic hinder, this in turn being dispersed in a 
non- aqueous solution of the vehicle, a vinyl rhlo ride vinyl acetate 
maleic anhydride copolymer. Such an emulsion can be dispersed in 
a mixture of water and organic solvents (40). 
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Several patents disclose polymers lor partial gelatin replace- 
ment. The addition of a Du Pont butadiene-acrylonitrile co- 
polymer (51) reduces blistering and deterioration of film illuminated 
in high-intensity arc-lamp projectors. An Agfa copolymer of 
acrylonitrile with an olefinic. monomer (52) improves colour 
emulsions containing anionic dyes. The emulsion polymerisation 
nf amide, ester and styrene monomers gives a hydrosol compatible 
with gelatin f 55). A partial replacement (54) consists of an olefinic 
monomer with urea, a methylol compound and a cellulose deriva- 
tive, or a gelatin graft polymer. 

Polymeric emulsion addenda 

Polymers have a variety of uses as addenda in black-and-white 
and ('cdour emulsions. 

Soisitiscrs 

General Aniline (55) and Du Pont (50) claim considerable speed 
increases if a po]y-(A T - vinyl-lactam) is added to an emulsion; poly- 
vinylpyrrolidone is specifically mentioned. Polyethylene glycol) 
ami its derivatives are also claimed as nou-optical sensitisers or 
development accelerators (5i). Some of these compounds tend to 
cause increased fog on storage but this can be checked by the 
addition of antifoggants (TV). In a poly(ethvlenc glycol) -sensitised 
emulsion, polyvinylpyrrolidone behaves as an antifoggant (50). 
A 'tin-protein' a<d> a< a sensitiscr, according to Gevaert (00a). 

Hardnurs 

Some novel polvmeric hardem-rs have been described. GevaeW 
i.fiOP) {mmd that oxidised polysaccharides containing aldehyde 
groups are excellent hardeners. A dialdchydc starch, ‘Sumstar’, 
recent Iv markcteil by the Miles Chemical Co. [01 J, is said to have a 
readily controlled hardening action. Another Gevaert patent (02) 
describes the half -esters nf maleic acid with poly (vinyl alcohol) or 
cellulose as non • wandering hardeners for multilayer materials. 

1 i 'In ay c nit plsrs 

Polvmeric colour lonnei> have been known for some time. Du 
l J « Jilt (‘40) have patented a range of pulv(vinyl acetals), for example 
tlmse derived from phenolic aldehydes (05), which react with 
oxidised colour developer to form polymeric dyes. Polymeric 
couplers have been devised from couplers containing amine groups 
and a polymer with recurrent acid anhydride groups [04). 

Mordants 

Dyes are frequently required in specific layers of light-sensitive 
products, for example in Idler, masking and antihalatiou layers. 
Polymeric mordants are, therefore, finding wider application in 
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these materials. Since most of the dyes are anionic, the mordants 
are basic, usually containing amino-groups. Basic mordants pre- 
pared bv Kodak (&5) are condensation products of a poly (vinyl 
alkyl ketone) and an aminoguanidine. Gevaert patents disclose 
polvmers with free amino groups, from a hydrolysed poly (vinyl 
carbamate) {60a). and products from the reaction of polynitriles 
with hvdroxylamine [06b). A poly (met hacrvlic ester), substituted 
with quaternary ammonium groups, is a Du Pont mordant (07a). 
A similar polymer together with metal ions is used in a Du Pont 
dye transfer process (67b). A light-polarising film developed by 
International Polaroid (6“<S) contains a polymer bearing free 
amino-groups, derived at least partly from polyvinylamine. 

M iscel! aneous adde n da 

Hvdroxyethyl cellulose, partially rsteriiied with a dicarboxyli* 
acid, is claimed by Kodak (09) as a plasticiser which prevents de- 
sensitisation due to kinking and the loss of density which occurs 
when a processed layer dries down. 

Stain is produced in colour him by the reaction of oxidised 
developer with incorporated couplers. This can be reduced by 
adding the condensation product of a pulycarboxylic acid and 
gentisamide or homogentisamide 1 70). 

An interesting method of intensifying a silver image is claimed 
by Osier (71). Semiquinones. or free radicals, which arc inter- 
mediate oxidation products of aromatic amine developers, can 
catalyse polymerisation. Therefore, a vinyl mnimmcr is introduced 
into the developer, polymerizes on development, and the polymer 
so formed prevents aggregation of developed silver, thus increasing 
the optical density. 

Additional polymer layers 

Films and plates mav be backed with an antihalation layer. I he 
medium for the antihalation dyes is a polymeric composition w'hich 
is preferably soluble in developer solutions. Polymers such as poly 
acrylic acid, styrene maleic anhydride, and pnly(vinyl phthalatn 
have been used for the purpose (7 J}. 

A Russian paper (74) describes the use of cellulose acetate 
phthalate, and patents from Agfa and Kodak claim alkali-soluble 
backing vehicles consisting of copolymers of acrylonitrile, vinyl 
butyl ether and a maleate or fumarate ester (74a), polycarbonates 
{74b), and an interpolymer of vinyl acetate and maleic anhydride 
treated with glycollic arid (70) and an alcohol. 

A ntistatic layers 

Electrostatic charges accumulate on the surface of him during 
manufacture and handling, and. if they are not dispersed, their 
discharge causes fogging and deterioration of the product. In a 
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number of patents it is claimed that an additional layer of certain 
polymeric materials, all of which are poly-salts, greatly reduces 
these harmful effects. Alkali metal sulphonate derivatives of a 
polyf vinyl acetal) (76) and of polystyrene or polymethylstyrene 
(77) have been used for this purpose. The latter polymers contain 
some sulphonamidc groups, and require the addition of polyvinyl- 
pyrrolidone or partly saponified polyf methyl acrylate) to improve 
adhesion to a cellulose acetate support. General Aniline (7#j pro- 
pose a backing layer consisting of alkali metal salts of a fatty acid 
and a styrene- vinyl ester- acrylic acid copolymer. Sodium carboxy- 
methylcellulosc is suggested by Schleussncr {79). Kodak {80) claim 
cationic polymers containing pyridinium or quaternary ammonium 
salt groups as excellent antistatic layers. 

Supercoals 

Some films are supcrcoated with a gelatin or synthetic polymer 
layer for protection against abrasion or ultra-violet light, or to 
obtain a special effect. For example to impart gloss, a .supercoat of 
polwinylcapfolactam or polyvinylpyrrolidone has been suggested 
(81). Post-development stabilisation of a photographic emulsion 
can he effected by treatment with a solution containing conven- 
tional stabilisers and a tilm-forming polymer (<S2). Gevaert (<$•?) 
have patented alkali-soluble nitrated styrene maleic anhydride 
copolymers as binders for anti-abrasion, antihalation, antifogging 
and ultra-violet light-absorbing layers. 

The formation of Newton's ring- can be prevented by adding a 
supercoat of gelatin containing an alkali-soluble methaervlic acid- 
methyl methacrylate copolymer, according to Kodak (<.V4). Two 
Kodak patents disclose polymers useful in ultra-violet absorbing 
layers. In one («v.5), bydra/oncs or thiaznlidones which absorb 
strongly in the 260 -J(KJirt/< range, are joined indirectly to the 
polymer backbone by ester or amide links. In the other («$6'<f). 
thiazuJidone rings are joined through acetal groups to po!y(vinvl 
ala, hoi). 


Polymers in non-silver light-sensitive systems 

This section deals with some non-silver systems, not included in 
last year’s report. Polymers act in light-sensitive non-silver pro- 
cesses, both as binders and as light-sensitive elements. Bitumen 
was used as the photosensitive element in the original Niepce 
process, and is still occasionally used in graphic arts materials. In 
many synthetic polymer systems a sensitiser, which generates free 
radicals, is used to increase the photosensitivity of the product. 

( in na m ate systems 

A specification from Kastman Kodak described a system based 
on cinnamoylatcd polystyrene (S6b). Cinnamate esters of poly (vinyl 
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alcohol) (87a) and cellulose are alternative media, and many 
additional sensitisers ( S7b ) are reported. The properties of these 
compositions (88) and of some derived commercial products {SO) 
have been reviewed. Cinnamate polymers can be rendered soluble 
in alkali by reaction with dicarboxylic acid anhydrides (90a). Light- 
sensitive polyesters, derived from glycols and dicarboxylic acids 
such as cinnamylidenemalonic acid, can be sensitised with ketones 
and thioketones to yield high-speed resists (90b). 

Farbenfabriken Bayer have patented a number of cinnamate 
compositions. Reactive isocyanate groups in 3-arvlacrylic acid 
derivatives condense with polyfvinyl alcohol) and other polymers 
to form light-sensitive materials (91). Alternatively, the polymer 
is built from a polyisocyanate, such as glycol di-(/>-isocyanat<>- 
cinnamate), and glycol. 

Chalcone systems 

The preparation of light-sensitive polymers from an aromatic 
aldehyde and polyvinvlacetophenone has been published by Unruh 
(92). Further chalcone materials are prepared by condensing a 
hydroxychalcone with styrene -maleic anhydride (93a) t or other 
maleic anhydride copolymers (93b). Polymers from poly(vinyl 
alcohol) or a polvcarboxylic acid and a rinnamic acid or chalcone 
appear in a Bayer patent (Oh). Light-sensitive lacquers containing 
copolymers derived from monomers with isocyanate gmiips ami 
hvdroxychalcones (94b) are another Bayer invention. 

Stilba zoic system* 

Another s\stem i> based on the photosensitivity of stilba/.oliuni 
compounds. Polymers derived from C-vinylpicolimum salts con- 
dense with aromatic of heterocyclic aldehydes, and the product- 
may be sensitive to visible light (93a). Polyfvinyl alcohol), parti v 
esteritied with a sulphunic acid, reacts with y-picolinc, forming a 
polymeric quaternary salt; the latter can he condensed with 
aldehydes to yield stilbazolium polymers (93b). 

A photographic printing process with light-sensitive polymer- 
such as a styrene-maleic anhydride ester of 1-methoxvcarbomT 
F-(2-hydroxyethoxv)chalcone or a polvvinylstilhazolium salt, as 
mordants, is described by Tupis (90a). A paper coating of the 
polymer is exposed, bathed in ammonia, rimed in water and then 
treated with an aqueous dye solution. 

Azide systems 

Interest continues in many light-sensitive azide processes. 
Eastman Kodak (90b) claim aromatic bis-azides to insolubilise 
styrene-butadiene copolymers. Water-soluble polymers, for exam- 
ple acrylonitrile acrylic acid copolymer, can be rendered light- 
sensitive with M'-diazidostilbene-2,2'-disulphonic add (97a). 
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Azide substituted polymers and additional sensitisers (97b) are 
claimed for such lithographic systems. A coloured image-transfer 
system consisting of an azide-sensitised supercoat on a coloured 
gelatin layer is patented by Kodak (US). A Bayer patent (99) deals 
with compounds such as azides which are rendered capable of 
reaction with other molecules, for example di-isocyanates, by the 
action of light. Xeugebaucr X; Keichel (100a), on behalf of Kaile & 
Cm., who pioneered the use of azides, describe a light-sensitive layer 
consisting of a polyamide and an alkali-soluble azide. Acrylic 
polvmers can be sensitised with siilphoniminoipiinoiic-l ,1-diazides 
(IMh). 

Systems wtth separate- imss-linking inula ales 

Du Pont have devised a process in which soluble polymers react, 
on exposure to light, with small cross-linking molecules to give 
insoluble products. An initiator such as diacetvl. benzoin or hcu/.il 
is added. 

A wide range of polymers, including cellulose derivatives (101a). 
alkali-soluble polyvinyl derivatives containing oxv-acid groups 
[IOIIi), polyamides (101c). neutral polyvinyl ethers, esters or acetals 
(101d), polyesters {101c) and polyurethanes (I01f) are suitable. A 
composition of one of these polymer- with a cross-linking agent 
such as glycol dianylate or metiivlenrbisacrvlamide and an 
initiator, can he exposed and developed to provide a printing 
relief. Time Inc. ( 10'.*) disclose a similar material based on poly- 
amides. 

in a variation of the process (I Win), a polymer with amino- 
fi roups, for example ^-diethvlaminoelhvl methacrylate polymer, 
is <• toss- linked In a complementary salt-forming monomer, moth 
acrylic acid. The difference in solubility between exposed and 
unexposed polvmer is enhanced in a process involving polvvalent 
metal chelate cross-links between the polvmer chains (103b). The 
solvent developer is acetvlacetone or hydrochloric acid in an 
organic solvent mixture. 

1 he hr ornate system 

I he well-known dichroinate process relies on the action of 
Dirnmium salts to render gelatin or cellulose derivatives insoluble 
on exposure to light. 

Kccent patents describe the use ol dextrans (104), alkyl vinyl 
ether- maleic anhydride copolymer (10a), partly oxidised stareli or 
dextrin derivatives (100) and alginates (107) as media. Chromium 
complexing agents prolong the life of the unexjMjsed plates (104c). 

Systems utilising monomers 

A process (lOSa) has been developed for the phntopolymerisation 

monomers in tin* presence of water with a catalyst mixture of 
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silver halide, a water-soluble silver salt and an amphoteric oxide. 
This is the basis of a reflex copying system (108b). In a closely 
related composition (lOSe) a colloidal binder contains a vinyl 
monomer and a catalyst mixture of zinc or titanium oxide with a 
mercury, thallium or iron salt; other organic catalysts are active. 

Mi seel la neo us systems 

The first group depend upon the action of light to initiate a 
chemical insohibilisation reaction. A Du Pont svstem consists of a 
poly(vinyl acetal) or ester with ethylenically unsaturated sub- 
stituents . and a sensitiser (100). 

Time Inc. (110) describe a photosensitive powder for use in the 
manufacture of moulded or extruded objects. It contains an 
ethylenically unsaturated polyamide, an inhibitor and an initiator 
of the benzoin type. 

Schrdter {111) obtains photosensitive coatings from polv(vinvl 
alcohol) or cellulose condensed with anthracene-H-aldehyde or a 
light-sensitive heterorwlie compound. The photodimerisation of 
anthracene is well known. Nitrothiophens render polymers in- 
soluble on exposure to light according to Kallc (112). 

Ferric compounds can be used to activate the insolubilisation 
process. In a recent specification (//•>) a coating consists of poly- 
t vinyl alcohol) or methyl vinyl ether maleic anhydride copolymer 
together with citric arid and ferric ammonium s :tlt . The developer 
is dilute hydrogen peroxide solution. 

Oster has succeeded in cr»>>-lmking a -uhstantiallv saturated 
polyethylene polymer by very-short-wave ultra-violet irradiation. 
I'nreacted polymer is removed with hot solvent ilN). 

Two systems depend upon light-sensitised polymer breakdown. 
Photodegradation of poly;niethyl methacrylate) in the exposed 
areas by contact with a supercoat of a free-radical initiator is the 
basis of an intaglio printing method \1U ) ). 

An interesting image transfer svstem recently described (110 1 
comprises a hvdroph- Fie aluminium -beet coated with lubricating 
oil, placed in conta< t with a carrier sheet containing a diazoniiini 
tetrafluorubor.ite -alt. The latter release- hydrogen lluoride in tin' 
exposed area-, to produo* a hydrophilic image. 


References 

Kozlov. P V . /i\ ,j iv k pt'kl fc>>.nnat>\i . P.'V.i, 4, ■>, Ion 

\g) Calhoun, J M , /'•; fe-'.i -. I'aoo 2, gao 
'.!) Goodwin, 11 , I' S P. *.tu -»,i 
>/} Keichenha* h, H M.l's P IIT.joj 
■•h Craig, G. J , t\ >:•••■> e ;; . I '* 1‘.*. 14, 7 
Con ta, j. M . /v < t-. p.g:>. 21, 

if (k/dycar Tire C£ Itahivi ( •> , Grr. P 1 .* * I J . ! I 
'H, L;utmr»n Kodak t o , l .s I’ I 
■->) Kodak Ltd , fi P *l*.!7i? 



PHOTOGRAPHIC MATERIALS AND PROCESSES 


189 


(ffl\ Gevaert Photo-Producten N.V., Belg. P. 1 7B 
< l l) Kastman Kodak Co., (a) U.S.P, 2,83 1 ,83 I ; (fc) U.S.P. 2,848,479; 2,85*1,385 . 

V " (c) U.S.P. 2,848,439; (d) U.S.P. 2,925, 4d& 

(]■>) Photo-Mag. Miinch., 1957, No. H, 18; Sclmcll, H. ( Z. angew. Chem., 19%, 

' “ 68 , (133 

{al Thompson, R. J., & Goldblum, K. B., Plastics, Lond., 1958, 23, 122; 
(h) Agfa A.-G., Ger. I*. 1,001. 5*0 
/{j\ pcproductwn lingr, 19110, 4, (<»), 17 

A5 { \</fa A.-G., [a) Ger. P. 1,002.544; (b) Ger. P. I IJI'.0,710; 1.007,9% 
Gevaert Photo-Producten X.V., Bel#. P. 503,475 
tin PUotochcmisehe Fabrik Roland Kisse G.m.b.H., Ger. P. 95 ;j,921 
tlS\ Eastman Kodak Co., (a) U.S.P. 2,887,4*14; (b) U.S.P. 2, 88.1, 350 
(/:» Kodak l.td., H P s2l,2H3; U.S.P. 2.879, 253 
c>n\ Eastman Kodak Co.. U.S.P. 2.887,4(19 

{•>l\ Du Pont de Nemours <ft Co., K. I , U.S.P. 2,92 7 , 988 ; fty 1 .S.l . 
2. *1! *8.2:13 ; tn U.S.P 2,(19^,219; irf) U.S.P. 2,(198,242 
Eastman Kodak Co., 1 .S.P. 2,913,937 
rCJ) Agfa A.-G.. in) Ger. P. I .( *8(1,397; (A) H P. 82*1, 8(15; Ger. P. I ,( '0.3, *38; 
" U.S.P. 2,871,(1% 

(2/t Montreal ini S.p.A., Austr. Appl 11833 59; Belg P •••*9,70:; 

(^.j) [lu Pont de Nemours At ( o., E. I , Ger. P. 9, 1,999 
General Aniline A: Film Curp., Helg. 15 5H(l,ilo2; Ge 
(2?) Pcrut/ Pholosverk** G.m.b.H., Ger. I’. 1 .Kid. 049 


2.111 


( 2 .V) Agfa A.-G., On 1 rer. 
rJ'.t) Ilford Ltd., it/) B.P. 
i :j(t) Gevaert Photo- 1 'rod 
(5/1 Eastman Kodak ( 1 


.949; (hj Ger. P I. 
7*7.18"; </,) H P. 814.41 1 
I. ten N.V., B.P. 8)9,592 
5.05*1 


14, ■ 


e'E't Konishiroku Photo Industry Co. Ltd.. Jap. P. *'S>1 (3si 
(. 77 ) Agfa A.-G , Ger. P. 9.3*. 71.3 
(,7/l Gevaert Photo Prodiu ten N.\ . Helg. P. 5/3, OOa 
1 . 7 ; 1 1-ujji. E.. 1'ujii, H.. Demers j.. A Demers. P„ CaaaJ. J. Phy<.. 19.59, 3 G 
1%.3 

(.75) I )u Pont <le Nemours iV to., !•.. U. hr. P. 92, ,411: 92<.M*1; McOueen, 
p. M , ,V Woodward. D. W . /. .hi:n. chem. S< v.. 1951, 73, 493(1 


CD) 
I.J/M 
\W ; 
1//1 
( 42 ) 
( LJ) 
tth 
i/-b 
( M] 

1 17 ) 

i /V) 


Gevaert Photo Trodm ten N A , H P >28,217 

Ilford l.td.. H.P. 8i*>.227- 8 

Du Pont de Nemours A <3v. I 1 U > P 2.>*>3.A»9 

Kodak l.td . B.P. 8j 9.(145 

Eastman Kodak (o. U.S.P. 2 , > 18. 43 1 

G. vaert Photo- Produc ten N.V., Helg P. 5<.8 ,I.m 

Eastman Koilak Co.. U.S.P. 2 , >7.), <3*9 

Word Ltd.. B.P. 822,192 

Kodak l.td., mi H P. sc >7 >91; t /<i ILP S2U.322; .n H P Ml. 
Gevaert Photo Prodnvien N.V.. (,i) H P. 8Iii.7-X»; %) Helg. P. 
Kodak l.td.. H P. 809,3% 

Imperial Chemical Industi ie» Ltd., (</i H.P. /Lv%l. (b) H I 


.3118,1,31 

829,704; 


(D U.S.P. 2.893,81,7 

iff)) Gcvaeit Photo Producien N.\ . Helg. P. aal.312; .'/X.3.>, 

l-IWi Imperial (.'.lietme.tl Indiistiies l.td.. H.P. 793. o.*l 

( D) Du Pont de Nemours A Co , l.. I., H.P. S 2 .». 2 M 

i -12 1 Agfa A G . Ger P I 031. ('23 

(■Ml Eastman Kodak (3... U S.P. 2 >;-2.3So 

i oh Imperial Chemn al Industlies l.td . HP. 832.1*9! 

144) General Aniline A Film Coip.. H P. 840.720 
1 7(5 l>u Poni de Nemours A Co, 1*. I.. Helg. P .* 80 . 2 i, 8 ; 08 l 4 .ll 
Coi Mu Pont de Netnouis A to.. E I . H.P. 847,322, General Aniline A I’d in 
Coip.. Helg. P 577.232; 579.339; Kastman Kodak Co., hr P. 
1,209,923; Ger P 1,080,398 



190 REPORTS ON THE PROGRESS OF APPLIED CHEMISTRY 


(•>*') Du Pont de Nemours A Co.. K, l . B.IV Kid.*** 1 .*; Kid, 307 ; S 47,007 ; 

Kodak Ltd., B.P. S-1 1.53d 
(-iU) General Aniline & Film Corp., B.IV *51,774 

(67;) Gevaert Photo-1 ’rodueten N.W. («) Belg. IV 5dS,d*7; (6) Fr. IV 1,101,7*3: 
C»er. r. i. 073.305 

(67) Lefkowitz. B., lndustr. Photogr.. 1051V 8, (TO). *7 
(6-) Gevaert Photo- Product en N.V., B.P. *77,001 
(6-‘i) Du Pont do Nemours & Co., K. I., P S IV 7,310.043 
t67) Imperial Chemical Industries Ltd.. B.IV KUPSW 

(61) Kodak S.A., Belg. IV 555.517 ; Kastman Kodak Co., I S. IV 7,8*7,150; 

7,045,000 : Kodak S A , Bel-. IV 573.731 
(6’6'| Gevaert Photo- Protluc ten N.W. OP B.P. Kin. 1st*; <6) B.P. *37.1*5 
|6‘7) Du Pont de Nemours tV Co.. L i u/) I S. IV 7.s30.ini; 7,*07.*77; 
(6) B.P. *35.000 

(6a) International Polaroid Corp.. B. IV *73.ns3 
ifift) Kodak S A.. Bolsj. IV (*75.515 
G«l Kodak Ltd., B.P. 73*. 0*3; *75. 17 I 
>7P Oster. G.. Sittuu. /.'*»?:/.. 1057. 180, IV7 5 

1 7 « > Glafkides. IV. Chimie Photo-ruphupie . It* 57. p 51*3 1 1 Vi * i ^ : Publication . 
Photo-Cindma Paul Monte h 

G-P KozentaL, I.. V.. <!t Smirnov. U. K , Tnui. I t r-vrr. fuinrii.-t'lul Kut 
fotoin*!.. 105s. p. ini 

w 4) A -fa A.-G.. irti Ger. P. l,n7K**l: l .S.P. 7.013.351; G* |;.!V *17.71"; 
Ger. IV 1.035,177 

G-L Kodak S.A.. Help. IV 5*4.303 

G6‘s A- fa A.-G.. B.P. 610,045 

G/i Ilford Ltd, B.P. *15.007 

<7\) General Aniline iV l i!m Corp.. Grr. I* 1 , 1*75.1*11 

G'O Schleussner Fotowcrke A.-G . Dr P . Ger. IV 1 .old. 175 

(AT/s Kodak S.A., Bo!-. IV 57n,7t*7 

'AT; Badische Anilin- u. Soda- Fahrik A.-G . tier. 17 !*5b,55s 
i S7; Etabli>*ement*» Bam het <.V Co . Fr. IV 1.1*7,17** 

< s.'j) Gevaert Photo- Produc ten N.Y.. Bel- IV 557.015; 15 IV 1 , 1 1 

Ger. IV l,n7J, 177 

.A./; Kodak Bathe. Fr IV 1,7<»I 1 '.'I* 

-A-; i Kodak Ltd . B.IV 703.707; P S P. 7.*75.n;,:; 
iVd Kastman Kodak Co.. •:;»> P S IV 7.**7.!5o, (5. P > 17 7,300,3ii7 
(A7i Kodak Ltd . <«/• B.P. 005.707: 717. Ton, |6; B.P. 713,0 17 ; 717.7ns. 
7 17.7 !•* -7; 715,455 

: h.h Mingle. L. M.. Smith. J. Van Ivikh, VY. P <v Wri-ht. | IV. /. «i />/*.' 

Polxa:. Sri.. I'j.V.*, 2, 5**7; Robert son, K M . Van n, W . !V. a 
M insk, I. M , J appl. Paly m. Sri.. 1050 . 2, 5o* 

• V/: l.oenin-. K . Pn prrtire, |'.*dn, 2, 757 
i Ub ) Kodak Ltd., a\ B.IV *15,513; *15.515; d,. B P. *10,00* 

\ f .iJ t Farbenfabriken Bayer A.-G., Fr. IV 1.1*5,557; Gei IV I, 005, *n7 
1, *>*-;;, ** . B p’*77.**.i 

X'j Pnruh. C. C.. J. afifil. P<>lxnr Sn . In.'*'.*, 2, 55*; Pmuli, P. P.. A* Sim t L 
A. <; .. i hid.. limn, 3, 31 n 

'j-'ij Kodak Ltd., id/ B.IV *7*».!75; P S. IV 7.*!0 ,m‘.<1 ; 5,. M IV *75.1*1* 
iff 4) Farbcnfabrtken Bayer A.-G., *d> B.IV *3*.M7; do B.P. *5*1.777 
(//->) Kodak Ltd., (ai B.IV <*77, ( ,*57; P.S.IV 7, *11, 413; [b) B.IV *41, 7**7. 
U.S.P. 7, , .Hi*,d*»7 

(56‘) Eastman Kodak Co., (a) U.S.IV 7, **7,37*. ; (6) L'.S.IV 7A*40,*53 

(97) Kodak Ltd., [a) B.IV S74.7*7, (A) B.P. 843.341-7; .*13,344 

{9H) Kodak S.A., Bclt^. IV 570,7'* 1 

>yt) I’arbenfabriken Ikiyer A.-G , Lr JV 1 177,3**3 

Jtft/j Kail** A: Co. A.-G . ' e G*-r P ‘V I 5 m> »/,• > All. P. Sd* 3* 



PHOTOGRAPHIC MA'lKlilAJ.S AND PROCESSES Mil 

LlOl) Du P° nt clc Nemours <5c Co., E. I., (a) U.S.P. 2,927,022; 2,927,023; 

( b ) B.P. 835.849; U.S.P. 2.902,365; B.P. 825,795; (c) B.P. 826,272; 
(rf) B.P. 834,337; Fr. P. 1,172,072; (e) Bclg. P. 580,820; (/) B.P. 
850,453 

(IO'J) Time Inc., Her P. 054,127 

1103) Du Pont de Nemours & Co., E. I., ( a ) U.S.P. 2,893,868; (ft) B.P. 827,512 
n04) Powers Chem eo Inr., (<z) B.P. 764,380; (ft) Ger. P. 1,071,481; (c) U.S.P. 
2,912,974 

j }().)) Harris-Intortype (lorp., Ger. P. 1,056,931 
lift(i) Uniter! Biscuit Co. of America, U.S.P. 2,916,376 
yl07) Ensink, A. L., B.P. .*26,077 

{los) General Aniline A Film Corp., {«) Bely. 1'. 5x0,5* 1; 5*o,664; f b) Bely. P. 
582,912; (r) Bely. P. 5x2,951 

Du Pont do Nemours A Co., K. 1., i r. 1'. 1,16,8, 1 53; U.S.P. 2,929,71<i; 
B.P. 815.277: U.S.P. 2,892,716 
[HU) Time Inc., IT. P. 1,205,506 

(III) leldmiihle Papier u. Zellstotfuei ke A.-G., Ger. P. 912.779 
| Kalle A Co. A.-G., Ger. P. 955,379 
Horizons Inc., U.S.P. 2,927,021 
( ///i Oster, G., B.P. 84 x, 4 1 1 

i/M) Du Pont de Nemours A Co., E. U. U.S.P. 2,*92.712 
<i!H ) Pick A Un , A. IV, U.S.P. 2,s75,op; 
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By W. E. BATTY, M.A., B.Sc. 

[I:. x plosives Research & Development Establishment, Waltham A hhev) 

Introduction 

This report covers publications dealing with explosives in the last 
two years. Once again, the amount of literature remains at a high 
level; a large number of reports of work done under contract to, 
or in the laboratories of, the United States Government is being 
released, covering a period of more than ten years' work. 

The amount of work on rocket propellants has not diminished, 
while, in the field of civil mining and blasting, the use of ammonium 
nitrate-fuel oil mixtures has become a paramount field of develop- 
ment activity. 

Nitroglycerine and other nitric esters 

The manufacture of nitroglycerine has been described by 
Stettbacher (7), including developments of the Biaz/.i method. 
Redox potential measurements u<ed in glycerine nitration are 
treated in some detail by Oeliinan cl al. B?). but the interpretation 
of the measurements involves complex discussion. 

A process developed by Nitroglycerin A. -11 uses injector nitra- 
tion, followed by centrifuging to separate the product ; it has been 
operated at Gyttorp, and cuts down the amount of nitro-bodv in 
the actual nitrator to a nominal amount [3). 

The present trend is toward the increasing use of synthetic 
glycerol {4) and Olin Mathieson will shortly synthesise their whole 
requirement {*>}. A process using tube nitration, oleum and recycled 
acid is covered by a patent of Imperial Oiemiral Industries Ltd. {0) 

The use of polythene tubing for the transfer of nitric esters has 
been described 1 a* the same firm (7); handling by eductor lias ids*- 
been recommended on safety grounds (A). 

For the polar* .‘graphic determination of nitroglycerine f/7), the 
use of a cathode ray [Xilarograph is desirable. On admixture with 
aromatic compounds and >u!phuric acid, nitroglycerine is capable 
of causing nitration *10 j. 

Ethylene glycol dinitrate has been subjected to considerable 
toxicological investigation (//}; one worker concludes that skin 
absorption is more important than inhalation. 

The preparation of various diols, triols, and others up to hexitob 
is outlined by Machell ID>) and dinitrates of tetra-, penta , and 
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hexaethylene glycols have been made {13). Safer explosives are 
obtained by nitration of polyol ethers in mixture with glycerol and 
(rjyenl (14), by addition of crystalline components to liquid nitric 
esters (/'5), or by nitration of polyethylene glycol (10). 

^-nitration of methanol, glycol and glycerol has been studied 
kinetically and interpreted (17) in terms of nilroiiium ion attack. 
Other O-nitration studies in acetic anhydride, aqueous perchloric 
acid and aqueous sulphuric acid have been carried out by Bonner 
and his co-workers (IS). 

The nitrates of the lower alcohols are of interest as rocket 
propellants and the heat of formation of methyl nitrate (19) has 
been determined. Normal propyl nitrate ran be used as a mono- 
propellant, and storage tests and other stability tests have been 
reported (20). Isopropyl nitrate is the subject of other patents (21). 

Among the compounds obtained by nitration of natural pro- 
ducts, nitro-starch lias been prepared by Amoretty (22) and a 
prescription for its safe processing has been given (23). It may be 
stabilised bv addition of alcohols containing more than three 
carbons (24, 2i 5). 

Pentaerythritul tetranitratc (PETN'J is pre-eminent among solid 
nitric esters for explosive use: wartime studies of its stability have 
just been published (20). The production of the requisite tetrol is 
more difficult to achieve in good yield than is its subsequent 
esterification. The use of an ion-exchange catalyst fur the con- 
densation of formaldehyde and acetaldehyde enables continuous 
production to be carried out (27)', the catalysts used include 
various peroxides and azo-bodies (2.V). Methods of eliminating 
formoses and resins from the read ion have been described (20). 

Coating methods for making PKTN conducting and improving 
the flow properties have been patented (30). 

A number of explosives, including PETN, TNT and nitro- 
cellulose mav be obtained in desired forms by solution in acetone 
and precipitation in water (3Ja). The protection of PE I N against 
heat up t<i temperatures of 800° is effected by coating it with 
concrete (31b)] when incorporated in sheets with nitrocellulose, 
PETN gives a product of a sensitivity low to shock, but high to 
primer (32), 

Pentacrythritol trinitrate lias been used in nitrocellulose pro- 
pellants. in which it may be determined polarographically (33). 

Tripentaerythritol octanitrate is not easily obtained pure, but 
niav be of use. in admixture, as a plasticiser for cellulose nitrate 
(34). 

Propellant explosives 

I he interest in rocket propulsion has once more been reflected by 
a large volume of published information on the subject; a con- 
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siderable amount of United States Government research work has 
been released for publication, some of which represents recent work 
and some concerns older work now made public. The total volume 
of information on orthodox propellants still remains high. 

Xitrocellulese 

The continuous nitration of cellulose is described in a number of 
publications by Hercules (&>), and Wasag (*%'«) who use directed 
flow of the reaction mixture, which is subjected to stirring by 
ultrasonic means. A further patent describes the recovery of waste 
acid from nitrocellulose by a centrifugal process (36b). The use of 
magnesium nitrate in nitrocellulose nitration is elaborated by 
Hercules (37\. Belgian work also describes advances in the con- 
tinuous nitration of cellulose including the use of zinc nitrate 
as an adjuvant in the reaction. In another process (-W) nitration is 
effected with nitric acid in a chloroalkanc such as methylene 
dichloride. the nitration mixture being regenerated by contact 
with a mixture of nitric and sulphuric acids. 

Interest in the theory of cellulose nitration is directed to tin* 
accessibility of hvdroxvl groups in cellulose to nitration and tie- 
nitration. Yin Cc Brown (40) hold, on the basis of wetting and 
drying experiments at different temperatures, that their observa- 
tion can best be explained in terms of the accessibility of primary 
rather than secondary hydroxyl groups. Dutch workers in a series 
of papers (41) have investigated the formation and denitration of 
cellulose nitrate. The two latent communications cover A”- ray 
results on various samples, and describe concepts of the nitration 
equilibrium in terms of the accessibility of the hydroxyl groups. 

The relative value of sulphate wood pulp, sulphite wood pulp, 
and linters for production of various propellants is recorded in a 
number of North American reports (42). Nitrated wood pulps . 
whether sulphate or sulphite, will meet 70° o of American ordnance 
requirements, but are unsuitable for a number of rocket propellants 
owing to poorer physical properties and some indications of lower 
stability in accelerated heat tests. The function of the retained 
sulphuric acid in nitrocellulose stabilisation i> still a subject ol 
discussion. Thus (,'hedin [43) holds that steric occlu>i<m i> the cor- 
rect hypothesis, and that there is no basG f<u the theory of estei 
formation. On the other hand, Millett ct at. (44) conclude that the 
temperature coefficient of the stabilisation indicates that the rate- 
controlling step is a chemical reaction rather than a physical 
process. 

A cold saline leach ( 43) followed by a short boil, beating and 
poaching, is of some value in stabilising pyrneellulose (1 2*G% N) 
but of little value for guncotton (13*4% N). Piratinny Arsen ;d 
workers also report on the effect of the stabilisation cycle on the 
life of propellants (46). Determination of the losses involved in the 
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kicring of nitrocellulose (47) may be performed by analysis of the 
liquor and the gases evolved. 

One approach to the stabilisation question is to avoid the use of 
sulphuric acid : Spanish accounts discuss nitration and stabilisation 
under these conditions (48). 

The removal of water from nitrocellulose can be accomplished 
by a continuous extraction process (40). Other patents describe the 
preparation of plasticisers with a boiling azeotrope of ethyl acetate, 
butyl acetate, methyl ethyl ketone or methyl isobutyl ketone (50) t 
the grinding of nitrocellulose (51), and its preparation in convenient 
form for pouring (52). 

Viscosity measurements on solutions are still being studied. 
Huque d al. (53), working on cellulose trinitrate, found an anoma- 
lous increase in viscosity per unit concentration in dilute solutions. 
Lhoste (54) found agreement between viscosities measured with a 
Hercules falling sphere viscometer and those measured by the 
French Service dcs Poudres method. It is suggested (-5*5) that a 
higher degree of nitration increases the stiffness of the cellulose 
chain. Careful Dutch work (50) on solubility in alcohol-ether shows 
that the fall in solubility with increased nitrogen content occurs 
at 13*15% N at 2(T, and at 13*20% N at 0 : , but no connexion is 
indicated between these figures and the discontinuity of the (101) 
spacing at 13*15% X. The time dependancc of the mechanical 
properties of a solution of nitrocellulose in diethyl phthalate has 
been reported upon (.57). 

The thermal decomposition of nitrocellulose has been studied by 
microwave examination of the products (58). The use of 14 (. (50) 
has shown that most of the glvoxal found on controlled ignition of 
cellulose nitrate derives from Ct 2 j. and an adjacent carbon of the 
anhydro-n-glucosc unit. C*. 2) and (.%, provide some of the carbon 
dioxide and formic acid but very little of the formaldehyde. 

The compounds of cellulose nitrate with acetone, camphor, and 
diphenyldiethylurea have been examined (00) by infra-red spectro- 
scopy, and show evidence of hydrogen bonding to the carbonyl 
group of the plasticiser. 

The nitration of carboxymethyl cellulose has been reported (67). 

A number of methods of determining nitrogen in nitrocellulose 
are reported. In one method (62) the sample is dissolved in concern 
irated sulphuric acid and salicylic acid is added. Excess titanous 
chloride and back titration with ferric alum are used to estimate 
the nitrosalicvlic acid formed. A modification of the known 
ferrous-titanous procedure (63) does not require full solution of the 
nitrocellulose before proceeding with the reduction by ferrous 
solution. With small samples of nitrocellulose (02-0*8 mg.) reaction 
with phenoldisulphonic acid, adjustment to pH 7* 1-7*5, and 
reading of colour density at a wavelength of 100 nip gives results 
tn within 2% (64). 



190 REPORTS ON THE PROGRESS OF APPLIED CHEMISTRY 


Smokeless powder and ball powder 

Wasag patent (6’Jrf) a smokeless powder with dinitro-p-phenyl- 
ethvl nitrate instead of a more usual explosive oil. In a further 
publication (bob) a procedure is described for ensuring very line 
division of the raw materials to obtain good mixing; in a supple- 
ment (6*5r) stabilisers are gelatinised in the nitroglycerine before it 
is added. Other improvements described include continuous 
feeding (6‘orf). 

In a series of patents, Olin Mathieson (66‘) describe treatment of 
smokeless powder grains with stannic oxide, di-isoalkyl phthalates 
of specified alcohols, or with lithium or barium nitrate. A low 
temperature coefficient is claimed for a powder surface-treated 
with certain polyol nitric esters (67). 

Progressively burning powder is obtained by casting grains with 
a porous interior and dense exterior (6\N). or by distribution of high 
explosive through the grains, In a Dutch process the grain in 
ethanol is treated with phlegmatiser (69). Alternatively, it may be 
subjected to phlegmatisation and partial denitration (70). 

The production of ball powder, or globular nitrocellulose, has 
been the subject of many patents by Olin Mathieson. Droplets of 
solution may be suspended in nun-solvent (7 hi) in a continuous 
process, or nitrocellulose is suspended in a nun-s«*lvent and 
plasticiser added (71b) : solvent i- subsequently removed. Variants 
[71c) include production of particles less than 1 K«.in in. in dia- 
meter, the use of protective colloids, the incorporation of water- 
soluble salts, and the making of ball powder with progressive 
burning properties. 

Other patents (7 Id) describe the production of the size of powder 
grain required fur different sizes of weapon. Other processes for 
making ball powder include agitation of nitrocellulose with a 
solvent under water, preferably hot (7^). Hall powder is a U<> 
produced in sizes below liiUji diameter (7.J). 

Analysis of ball powder for phthalate content may be performed 
by the hydrnxamr « olour procedure l7-/j. 


Rocket propellants 

A number of review article-, conference.- and books have shown 
the extent of activity taking place. A review by Johnson (75) 
discusses the merits of liquid propellants monopr<»p*llants ami 
solid propellant-. More detailed information mac be found in a 
bibliography (76) of about three hundred reports published by the 
U.S. Government. A number of books give recent data on rocket 
propellants (77). Other references are given in the Supplementary 
Bibliography. 

No general classification of propellants can be made, but there 
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are two main groups: solid propellants and liquid propellants, 
whether monopropellants or bi propellants (see below). 

Nuclear rockets have been the subject of calculations (78) and 
experiments have been described in which the specific impulse 
obtainable with accelerated plasma from exploding wires was 
measured (70 ) : values much in excess of present chemical systems 
were obtained. 

These systems are the responsibility of physicists and engineers. 
The chemist's hopes of improving impulse turn on ultra-energy 
fuels (80a) or on the use of free radicals and free atoms, but the 
main shortcoming of the latter is the limited concentrations 
achieved. Aerojet have taken notice of their possibilities (80b). 

The cost and availability of rocket fuels and of oxidisers with 
particular reference to conditions in the United States have been 
summarised and discussed (81). 

Solid rocket propellants 

Solid propellants have advantages over liquids, e.g. in weapons 
whwb must be ready tor instant use or which have to be trans- 
ported without the possibility of constant skilled attention. The 
specific impulse of solid fillings has improved considerably over the 
years and figures of 210 2a 0 sec. have been achieved; it is said that 
marginal improvements to 270 sec. are possible (A2). 

Most solid propellants are either classical propellants of double 
base type or consist of mixtures containing, essentially, an oxidiser 
and a fuel, which usuallv lias binding properties (tS'/j) to give the 
required consistency t»» the propellant as a whole. The oxidant is 
almost always ammonium nitrate or ammonium perchlorate, but 
nitronium perchlorate lias been suggested recent Iv. The fuel binder 
may In* one of many polymers. A solid propellant rocket motor 
with a controlled variation in thrust has been developed (84), 
which, if sufficiently versatile in application, would overcome a 
major drawback of solid propellant rockets. The mixing process is 
of primary importance in the processing of solid propellants. 

The interest in the use of ammonium nitrate as an oxidant lias 
led to work on its thermal decomposition (.Vo) and its autocatalvtir 
nature (80). The patent literature gives indication of the wide 
variety of fuels which mav be used in conjunction with ammonium 
nitrate: an oxidisable metal and aluminium stearate (,s7): a rubber 
binder (M) ; a cellulose ester or polvvinvl acetate, together with 
plastic iser, catalyst and promoter (80). 

I he decomposition of ammonium perchlorate has also been 
studied, (ialwey (00) finds that the mechanism of decomposition 
changes above 3f>U\ above which temperature no residue remains. 

The number of useful solid oxidants suitable for rocket propul- 
S1 °n is small. Nitronium perchlorate, with six oxygen atoms and 
chlorine atom for each nitrogen is clearly well suited to 
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oxidising purposes, if its tendency to inflame organic materials on 
contact can be overcome (91). 

Binder fuels for solid propellants are quite numerous and include 
polymerised hydrocarbons, depolymcrised rubber, silicone rubber 
with an inorganic perchlorate oxidant, thermosetting resins, an 
alkyd- vinyl resin, polyformaldehyde and copolymers of 1,3-buta- 
diene with 2-methvl-o-vinylpyridine optionally with styrene. 

Among the more abstruse fuels, aminoborazancs deserve men- 
tion (fl2). 

Liquid rocket propellants 

Liquid rocket propellants fall into two main groups: mono- 
propellants, in which oxidant and fuel are built into one molecule 
or in which the one forms a solution in the other, and hi propellants, 
in which two separate liquids are used at the time of firing. Par- 
ticularly in the latter case, either fuel or oxidant <»r both may be 
cryogenic, and require cooling or insulation to maintain their 
liquid state until used. Cryogenic fuels include liquid hydrogen, 
while cryogenic oxidants include oxygen, ozone, nitric oxide, 
perchloryl fluoride and fluorine. Among the tew manageable liquid 
oxidants are nitrogen tetroxide, nitric acid and hydrogen peroxide. 

Monopropellants. — These excel in convenience and flexibility 
but fall behind in power, since separate oxidant fuel systems are 
less restricted as to sensitiveness requirements. Johnson (///>) gives 
the following specific impulse figures for the more reasonable mono- 
propellant- consisting “t single compound-. 

‘.HP,, Propyl 

Propellant H.CL Kthvk-nr «>xidi* nitrat<* Xitromethanc 

Spec itic im puls'* I .*(.*► I' X I7.» !7<t ggd 

It will be >een that nitromethane i- the most powerful of these. 

A number of additive- tor use in monopropellants are described : 
for instance, u-1 o-2.V\, of nickel compounds in propyl nitrate (94) 
and dextian nitrate to produce a gel [9“t). \ lie sensitivity to com- 
pression in contact with bubbles of some mmiuproprllants, in- 
cluding hydrazine, rthvh m- oxide, nn tlix hi<*« ty Jene and 

propyl nitrate \\a- investigated and analysed theoretically by 
Mead (,%‘j. I hr -en-irivity of mixture- of nitrohodv oxidant i> 
-oinetirnt-- high \Ui) and hazard- arbing in the u.-e of ‘Ni-alil' 
(nitric and acetonitrile) and Di-alit’ (nitric acid dimethyl etiier) 
are described |M). Ob-ervations on the burning of a mixture o! 
2-nitropropane with nitric acid have been used to contribute to 
the theory of combustion kinetics (99). 

Bipropellants .- —The handling and thermodynamics of propel- 
lants, of the liquid hydrogen and liquid oxygen class in particular, 
were the subject of a conference, whose proceedings have, now been 
published. Several paper- in this volume deal with the handling of 
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liquid fluorine in tonnage quantities ( 100 ). Similar information is 
given for liquid hydrogen ; other papers deal with boron propellants 
which are among the newer fuels. 

Other fuels recommended include a eutectic of mono- and di- 
nicthylhydrazine (101), and a fuel containing both -NR 2 and -SH 
groups (102). The liquid hydrazine decomposition flame has been 
discussed (103). The use of a fuel containing a major proportion of 
turpentine and up to Tf»% of lithium aluminium hydride, with a 
nitric acid oxidant, is envisaged (104). Among the oxidants Corelli 
describes the use of tetranitroniethane, and compares it with others 
(106). 

Theoretical calculations of the performance of JP 1 fuel (a 
hydrocarbon fuel) with mixtures of liquid ozone and fluorine have 
been published ( 100). A patent describes the use of fluorine -oxygen 
mixtures with gasoline, oxygen, tricthylnmine or other fuels (107). 


High explosives for civil use 

Ammonium nitrate 

Most innovations in this field are concerned with the use of 
ammonium nitrate, in particular in admixture with fuel oil. 

There is a voluminous literature on ammonium nitrate, running 
to several hundred items. Among the issues of importance are the 
difficulties arising from the hygroscopic nature of ammonium 
nitrate, which causes caking, and its solubility, which means that 
special precautions are needed under wet conditions, Pree-flowing 
or non-caking properties may be obtained by coating with powders, 
several formulations for which have been patented (see Supple- 
mentin' Bibliography). Other difficulties arise from its relative 
insensitiveness as an explosive, which may be met by sensitising 
additions, In* special boosters, and so on. Some applications are 
best handled bv mixing the nitrate and fuel on site, although 
premixed materials have many advantages. Power per unit volume 
is a desideratum in some cases. 

pounds containing nitro-gnntf>s 

A new tv pc of safety explosive lias been produced by Nitro- 
glycerin A. -IT consisting of compounds containing the trinitro- 
ethvl group. I'rea or substituted ureas are reacted with formal- 
dehyde and nit ro form to produce compounds ot the type of 
bis(trinitroethyl)iirca (iOS). 

The production of TNT from toluene gives a yield of a-TNT 
below 90% even under the best conditions employed in industry. 
Part of the loss (^4%) is due to w/rfo-nitration and part to 
oxidation. The oxidation reaction was studied by Samuelsnn (iM), 
"'ho found that oxidation at the DM stage occurs during nitration : 
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the oxidation of TNT, which is much less ionised than the DNT. 
may be avoided by control of the concentrations of nitric acid and 
water. A wide discussion of the whole subject of toluene nitration 
is given by Yamasue (110). 

The detonation pressures achieved in liquid TNT are reported bv 
Garn (111): the value of the plane steady-state amounts to 172 
kilo bars. The surprising report of Rinkenbach that molten TNT is 
nearlv as sensitive as nitroglycerine is disputed by ITbanski (112), 
who finds it merelv as sensitive as is picric acid at room tempera- 
ture. 

Japanese workers (113) have studied the effect of light on TNT. 
They find that visible light lias none, hilt that the action of ultra- 
violet light is in two stages. 

Analytical work related to TXT includes a tabulation of R 7 
values of various nitrated toluenes and benzenes in a chromato- 
graphic study (111), and a method of estimating DNT TNT 
mixtures bv lion-aqueous titration { / / o ) with tetralmtvlarnmon- 
ium hydroxide in a mixed solvent. 

Nitric acid solutions of various organic compounds have a long 
history as proposed explosives [110): among the compounds which 
have been examined for this purpose recently are nitrobenzene 
and iw-nitrotoluene (11*) and chWnitrnbenzene (US). 

The nitration of A'-methyl-2.i/’-trimtraniline to give tetryl is 
shown to be a reaction of nitmnium ion {110). 


RDX and other nitramines 

The path of carbon atoms in the nitrolysis of hexamine under 
conditions akin to those of the fombination Process has been 
traced bv the use of carbon- 14. Added paraformaldehyde is built 
into the final product on an equal fitting with the methylene from 
the original hexamine. whether into RDXfcyrlotrimethylene- 
trinitraminei or HMXicyrl-itetramethvlenetetranitramine) (120). 
The instability of solutions obtained bv the nitrolvsis of hexamine 
bv concentrated nitric arid is due to the destabilising influence of 
nitrous arid present {121). The stabilisation of RDX wa>tc acid 
can be achieved bv autoclaving under prescribed conditions { 122). 

The casting of RDX -TNT mixtures and the viscosity changes of 
such mixtures have been described (123). 

A number of methods of production of guanidine nitrate arc 
described, e.g. by reaction of urea with ammonium nitrate (either 
reagent may be substituted) on a lu-ated silica column (124), or of 
ammonium .sulpha mate with ammonia, sulphur dioxide and urea 
1 12;]). The nitration of guanidine may be carried out in nitric acid, 
at a final concentration at least U:i% nitric acid ( 120). The recovery 
ui guanidine from mixtures with thiourea and ammonium thio- 
cyanate is also described. 
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Initiating explosives and detonators 

There has been a considerable amount of activity in this held 
and many different types of compound have been tested and 
reported in the literature or patented. Prominent among initiators 
are metallic and organic acid azides, while delay compositions 
include oxidising agents such as red lead and barium peroxide with 
non-mctallic elements such as silicon and selenium. References will 
be found in the Supplementary Ribliography. 
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FINE CHEMICALS AND MEDICINAL 
SUBSTANCES 

By MEMBERS OF THE FINE CHEMICALS GROUP 
(Convenor: J. H. Chapman, Ph.D., F.R.I.C.) 

CHEMOTHERAPY (D. A. A. KIDD, M.A., D.Phil.) 

May & Baker Ltd., Dagenham, Essex 

Bacterial infections 

The new approach to the synthesis of penicillins made possible by 
the isolation in large quantities of 6-aminopenicillanic acid from 
fermentation liquors lias been energetically exploited by the 
preparation of several hundreds of its derivatives (/, in the 
search for mure favourable absorption, a broader anti-microbial 
spectrum and reduced side-effects. The first of these, ti-(*-phenoxy- 
propionamidojpenicillanic acid potassium salt (Broxil, phenethi- 
cillin) , is an aciri-rrsistant penicillin similar in its range of action to 
penicillins G and V and with possibly higher blood levels, although 
some workers have found a level of antibacterial activity in serum 
comparable with that of penicillin V (3- .5). The higher in vitro 
resistance to staphylococcal penicillinase found in comparison with 
penicillins V and G suggested that Broxil might be useful in 
treating resistant staphylococcal infections, but this has not been 
supported by clinical experiment (6*- 6). 

A more significant advance is represented by sodium 6-(2.6- 
(liinethoxybenzamido)ponicillanatc nionohydrate (BKL 1241, Cel- 
bruin) , which has the remarkable property of complete resistance 
to staphylococcal penicillinase, an observation confirmed both in 
the laboratory and bv clinical treatment of infections due to 
resistant staphylococci [U, JO), one of the most serious problems of 
antibacterial chemotherapy (//). Celbcnin is, however, acid- 
sensitive and appreciably less active than penicillin G although 
secreted at the same rate; frequent injections are therefore neces- 
sary to maintain an effective blood-level. These factors and the 
relatively low activity against streptococci leave room for further 
improvement, although there is little doubt that Celbenin will be a 
valuable addition to anti-staphylococcal chemotherapy. Experience 
will show whether Celbenin-resistant strains of Staphylococcus 
Pyogenes, similar to those already obtained by in vitro passage, 
emerge in vivo (12). 
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The incorporation of aw-dicarboxylic acids as side-chains into 
the penicillin molecule by biosynthetic methods has shown that 
(4-carboxy-n-butyl)penicillm has similar activity to that of 
cephalosporin X, which contains an a-aminoadipic side-chain 
The total synthesis of nine new penicillins has been achieved, 
yielding in some cases enhanced resistance to penicillinase and to 
acid {14). 

In the held of wide-spectrum antibiotics, demethylehlurtotra- 
cycline, produced by a mutant of the organism used in chlor- 
tetracydine manufacture, appears to show enhanced activity over 
a wider range than tetracycline [15). Kanamycin has an activity 
comparable with that of tetracycline against Pseudomonas in vitro 
and slightly superior to it in other Gram-negative organisms (itf). 

Of the three newer sulphonaitiides included in last year’s report, 
sulphaphenezole (Orisul) is well tolerated and has been found 
particularly useful in bacterial infections of the throat, respiratory 
tract and lungs (17). Sulphamethoxypyridazine (Lederkyn, Kynex) 
gave good results with streptomycin in non-gonococcal urethritis 
(./<$) and with chlortetracycline in male gonorrhoea (/W); tin* 
sulphon amide has been associated with severe side-ellects, but 
Canadian workers have concluded from a large number of cases 
that the incidence of cutaneous reactions is not unduly high (’JO). 
Sulphadimethoxine (Madribon) is almost completely absorbed from 
the intestinal tract and a concentration of up to 75" 0 of the blood- 
level has been measured in cerebrospinal fluid (21). 

The effect of protein-binding on the bacterial action of sul- 
phonamidcs has been under investigation since Ihl.'J [22) and 
evidence is now available that the albumin-bound fraction of a 
sulphonamide is devoid of antibacterial action. Several of the 
newer sulphonamides are more extensively bound to plasma-protein 
than sulphadimidine both in rabbits and in man, an observation 
which dearly suggests that higher plasma levels of such substances 
will be needed to produce an equivalent thrrapeutic effect ( 2>'i ). 

>ulpha>omizole {5-sulphanilamid«>-.Tnnthv lisotliiazole) is a new 
antibacterial sulphonamide derived from the hitherto unknown 
isothiazole nucleus; in vitro and in viv<> <tudn> indicate a wide 
antibacterial spectrum, good absorption and distribution and an 
absence of cr '\>talluria. but dinieal -tudi<> have not yet been 
published (24). 

2-Sulphanilamidtj-l,r»-dimethylo\azoir (Snll'unoj, a furt her new 
sulphonamide, appears to have activity in vitro equivalent to those 
of sulphadimidine, sulphametlioxypvridazine and sulphaplieiir- 
zole. Maximal -erum concentrations wen* obtained after 2 hours 
and binding to blood corpuscles was not observed; limited clinical 
experiments have shown good tolerance and ready passage into the 
cerebrospinal fluid f 25). Amongst other sulphonaniides currently 
under investigation are 2-sulphanilnmido-o-rnethyIpyrimidiiie 



I JNI-: riM'MIC.US AND MKDH.'INAL SMJSTANCH S 


211 


(Pallidin) { 20 ), 2-sulphanilamido-5-methylisoxazolc (sulphisome' 
zoic, sulphamethoxazole) (27), and azosulphonamides such as 
2 t 6-diamino-3-phenylazopyridine sulphatriazine salt (28). 

Virus diseases 

New work on interferon, the protein nature of which now seems 
to be confirmed, has recently been reviewed (20). Some in vivo 
testing lias been possible: interferon derived from rabbit kidney 
cells and applied externally to the eyes of rabbits after corneal 
inoculation of vaccinia virus delayed and suppressed symptoms 
of infection, but there was no effect in an ocular herpes simplex 
infection (20). 

A systematic study (.?/) of compounds related to isatin '2-thio- 
seniicarbazone, shown in Iliad to be active against vaccinia virus, 
has indicated that the overall dimensions of this molecule appear 
to be nearly optimal since substitution of the benzene ring and 
changes in the position or character of the side-chain invariably 
led to reduced activity (against neurotropic vaccinia in mice). 
1-Kthy lisa tin [i-thioisoinirarhazonr. however, showed enhanced 
activity in this test and protected mice against the ettects of 
alastriin virus when injected after infection, the high therapeutic 
index suggesting possible applications to human smallpox (d2). 

The antiviral activity of certain glvoxals has been further 
explored in a series of diphenyl keto-aldehydes and related sub- 
stances. />-(*- bdhoxy-/>-phenylphenacylamidn)benzoie acid in par- 
ticular showed considerable activity against influenza virus in mice 
and against canine distemper; it has given encouraging results in 
the oral treatment of human herpes virus infections (do). 

A A’-Anhydrobis-jS-hydroxyethyllbiguanide hydrochloride 
(AHOH) showed some suppressive effect in the course of a double- 
blind trial during an epidemic of influenza A. and evidence of 
prophylaxis was subsequently obtained using an association 
(Mumidin) of AHOIf with atropine niethonitrate and scopolamine 
uiethnnitrate. ( ontinnation of these results and further devolop- 
ments will be awaited with interest (d7). 

Tuberculosis and leprosy 

The <lrug treatment »»t tubcrculoMs both hv 'standard chemo- 
therapy’ with streptomycin, isoniazid and ^-aminosalicylic acid 
salts and by newer agents in the case ol bacilli resistant to these 
three has been reviewed by t ’rofton (do). The status of one of the 
mure promising new drugs, x-cthylisonicoiinic thioamide (ethiona- 
mide, Trescatvl), has been the subject of a recent survey (26) in 
the light of the preliminary findings of the Clinical I rials C om- 
mittee of the B.T.A. Research Committer (d/). When given in 
association either with pyrazinamide or with cycloserine the drug 
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produced negative sputa (for at least one month) in about one-third 
of advanced pulmonary cases which had not responded to ‘standard’ 
treatment. Some gastric intolerance has been noted in this and in 
other clinical trials where good therapeutic results in ‘resistant’ 
cases were obtained (•?<$). 

Ethyl dithiol-terephthalate and -isophthalate (ditophal, Etisul). 
previously shown to have antitubercular activity in mice, have 
been tested in guinea-pigs (3.9). Both were active, but less so than 
was streptomycin, in a subcutaneous infection; only ditophal was 
active in an intracerebral infection, but less so than isoniazid. 
Topical application of ditophal gave some improvement in cases 
of cutaneous tuberculosis (-W). 

Blocking the primary hydroxyl group of dihydrostreptomycin 
resulted in a diminution of activity, thus supporting the hypothesis 
that microbiological oxidation to streptomycin is essential for 
activity in the former substance (41). 

Considerable anti-tubercular activity in guinea pigs is claimed 
for a water-soluble peptide derivative, polynicthyl-x-polv-i.- 
glutamate (Polyanthin) (42). 

Tsonicotinoyl'3,4-diethoxyhenzylidenehydraznne suppressed 
murine leprosv when given shortly after infection, but acid-fast 
bacilli did not disappear from the site of inoculation in advanced 
leprous mice although the healing of lesions was observed (-Mb 
4-Butoxy-4'-dimethylaminodiph* i nylthiourca (Su 1 WHi) proved 
effective in four rases of lcprnmatous leprosy resistant to sulphoim 
treatment {44). The current status of the therapy of leprosy has 
been recently reviewed (46). For the treatment of the lepra reaction . 
which occurs frequently during sulphone therapy, chloroquine has 
been found useful (46). 

Amoebiasis 

Earlier work has shown that dichloroacet- l-hvdroxv-.Y-inrthvl- 
anilide (diloxanide, Kntamide), which is relatively ineffective in 
acute amoebic dysentery, is absorbed rather easilv from the gastro- 
intestinal tract. Attempts tc> modify this characteristic have led to 
the benzoate and furoate, which arc Ir>^ well absorbed, and to the 
piperazine sulphate, which i- better absorbed. The furoate, which 
shows by far the highest in vitro activity of these compounds, also 
appears to be the most clinically promising in the treatment both 
of cyst-passer and, especially at higher dosage-rates (30 mg. kg. 
day for 10 days), of acute ca.->es (47). It i* not clear whether thi^ 
enhanced effectiveness is due to inherently greater activity or its 
poorer absorption in the gastro-intestinal tract, resulting in a 
higher colonic concentration. The significance of the relapse rale 
recorded in these trials has been discussed (4£). 

Dichloroacetamides have been the subject of further patents 
(49) and chlorbetamide (Mantornide, Ponlalin) has received further, 
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rather unsuccessful, clinical evaluation, only 50% clearance being 
achieved in chronic cases (50). 

Paromomycin (Humatin) is an antibiotic with high activity in 
vitro against Entamoeba histolytica and a favourable therapeutic 
index in rats and dogs. Significant activity, particularly by the 
subcutaneous route, is also claimed in amoebic hepatitis of the 
hamster (51). Clinically, the drug was effective in chronic infections 
but ulcers were rather slow to heal and the relapse rate was higher 
than encountered during standard treatment with emetine bismuth 
iodide (52). 

So drug has yet emerged to replace emetine with chloroquine, 
or chloroquine alone in the presence of cardiovascular disease, for 
the treatment of amoebic liver abscess (53). Some of the difficulties 
involved in establishing a laboratory test for the evaluation of 
compounds in this aspect of amoebiasis have been discussed (54). 

Trypanosomiasis 

Studies on the absorption, distribution and secretion of 2-amino- 
7-(2-amino-f)-methylpYTimidin-4-ylamino)-y-/>-aminophenyl- 
plienanthridine l<),r-dimethubromidc (prothidium) in rats, rabbits 
and cattle have shown that the prophylactic action of this drug in 
cattle is probably due to the formation of a depot at the site of 
injection (55). In a comparison of the prophylaxis against bovine 
trypanosomiasis achieved by metamidium chloride, the suramin 
salt of metamidium (M & B 1127), prothidium and quinapyramine 
prophylactic, the mean duration of protection against a high level 
of natural challenge was significantly greater with the fine suspen- 
sion of M & B 4127 than with any of the other drugs. The superiority 
of the suramin salt over the metamidium chloride may have been 
due to the physical state of the injection rather than to anv 
difference in the amount of active cation given. A strong local 
reaction at the site of injection was observed with both preparations 
t»f metamidium (56‘). 

hollowing an earlier trial in which nitrofurazone was successfully 
used in human cases of T. gambit use resistant to other treatment, 
this drug has been given preliminary trial in resistant or relapsed 
T. rhodesiensc cases. Consistent response was not obtained but the 
drug showed sufficient promise in a small number of cases to 
warrant fuller investigation (57). 

A further trial on 1 1 cases of T. gamble use with pentylthiarsa- 
phenyl melamine (Mel W), a water-soluble form of the melarsen 
oxide/BAL complex (Mel B), has confirmed the earlier favourable 
view (see last year’s Report) of tins injectable product. Success was 
also reported in two cases complicated by onchocerciasis, one of 
whom received the drug together with antimony aa-dimercapto- 
succinate (55). 
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Other protozoal diseases 

The idea that mass chemotherapy in the control of malaria may 
be practicable as a local substitute for insecticide application has 
prompted a limited trial of a tablet combination of atnodiaquin 
(150 mg.) and primaquine (15 mg.) in Plasmodium vivax infection. 
Both protective and curative effects were claimed (5.9). The in- 
stability of primaquine phosphate under normal conditions of 
usage as a salt additive has been reported [00). A closely related 
drug, tTmethoxv-8-(-l-aminopentylamino)quinoliiie (Ouinocide) 
may have a useful place in the treatment and prophylaxis of vivax 
malaria since it destroys the tissue stages of the parasite (67). 
t,4'-L)iaminodiphenvl sulphone (Dapsone) is active against both 
P. malaria? and P. falciparum, but slower in effect than chloroquine 
and possible not so completely suppressive [O’J). A series of .Y l aryl- 
.V 2 -amidine ureas has been tested against P . gallinaetHM in < hicks 

and two (aryl p- NO.,C 6 H 4 and />-N H 3 d.‘ 6 H 4 respectively) 
proved active (6*7). 

Last year's Report referred to preliminary results in the systemic 
treatment of Tricluwwntis vaginalis infections with l-Vhydroxy- 
etliv , -2-methvl-5-nitroimida/.(de (metronidazole, Flagyl). ten- 
rive clinical experience ha> now confirmed that this i> a major 
therapeutic advance. Triehomonal vaginitis is comparatively widi - 
spread and treatment bv topically applied drugs has nevei been 
entirelv satisfactorv. Further, then* is now evidence that trans- 
mission of the proto/.uon to males a likolv cans<* of reinfection; 
concurrent treatment of male and female i> thus very derirabh* and 
is practicable onlv bv means of a >ysteinical!v effective drug. 
Earlier attempts t<* use 2-acc*tamido-5-nitrothiazole >y>temi< allv 
were disappointing, but there i> every indication that metro 
nidazole is successful in a high proportion of ca>e>, male and female, 
bv oral administration. Apparent failure may be due to reinfection, 
or to inabilitv to absorb the drug, and it F onlv in tin* latter r,M - 
that local use <>{ the drug seem- neees>ary (6/l. 

A srri r*, of l-‘2‘alkvM-ainino-5>j>yi imi<lin\ linrih\ Ij.dkylpN rid 
inium salt-, and of analogous 5-thiazoliiim compniniF, haw hern 
investigated for prophvku ti< action in rorcjdio>F. a poultt v dFe.i-e 
< aiised bv Pi nit ri a tcnclla and related proto/oa. These compounds, 
of which 1 o l-amino-2-n-prop\ 1 5-pvrimidin\, lmethvl)-2-pi' olinium 
i h I o ride hvdroi hlorid*- (ainprolium) i- the most useful, appeal t<* 
a* t bv a reversible inhibition of thiamine, since addition ot t li«- 
latter substance to the diet c, t iH-v a significant decrease in the 
protection afforded /6‘5j. 

Bahesia divert’ni s F the causal organism of British bovine red- 
water (babesiasis), rnmmonlv treated with quinmonium sulphate 
or with the le>s toxic, but less effective, l.L rliainidinodiazoamino 
benzene (Berenil) and other amidines. A new drug, .'i.-F-diamidino 
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carbanilide di-isethionate (amiearbalide), has emerged by screening 
against B. rodhaini in mice and B. divergent in calves, and has given 
satisfactory results in a field trial in HO rattle ( 6*6’) . 

Helminthiasis 

The evaluation of antimony compounds in schistosomiasis 
continues. The response to Triostam (trivalent sodium antimony 
gluconate), given by injection to cases of double infection by 
Schistosoma haematobium and .S’, mansoni, was less good in the latter 
than in the former parasite (67). f urther work with antimony 
xx-dimereaptosuccinate has shown that the earlier encouraging 
results with urinary billiarziasis cannot necessarily be applied to 
the intestinal disease (OH). Chinese work with Sh-IJ (see previous 
Report) and with an antimony complex of S-hydroxyquinoline 
indicates that the latter may be superior and less toxic than tartar 
emetic in experimental infections in mice (Off). 

Conflicting results, possibly due to different dosage and clinical 
material, have been obtained in comparisons between bephenium 
(benzvldimetlivl-2-phenoxyethvlammonium) salts and tetrachloro- 
cthylene in hookworm infestations (70). The value of bephenium 
hvdroxynaplithoate (Alcopar) in ascariasis has been confirmed, as 
lias its relatively poorer activity in trichuriasis (77). Dithiazanine 

V-diethylthiararbocyunine iodide), which is claimed to have 
'broad spectrum’ anthelmintic activity, has been further evaluated 
in the mass treatment of various intestinal helminths (7'i) and a 
modified formulation is said to have improved the rather poor 
tolerance of this substance without any change* in efficacy against 
enterobiasis (7%). 

favourable preliminary results were obtained in tests with 
iMhienylmethyl 2-imidazolinyl sulphide hydrochloride against 
Sanatospirvuh's diOnus in mice {7-/). 

A safer and more effective agent than carbon tetrachloride and 
Iirxarhloroethane against iuisciolu fu'patica, the common liver fluke 
of sheep, is still required; tetnichlnrodilUiorootliane has com- 
paratively low toxiritv and was highly effective in mature tlukes, 
but variable in its rlirct on iuunatun* flukes. further trials will be 
carried out (75). 
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NEUROMUSCULAR BLOCKING AGENTS 
|J. J. Lewis, M.Sc.) 

University of Glasgow 

Steady interest lias been maintained in m urnimiscular blin king 
agents over the past five years and tin* volume of new work 
reported is <n sireat that a complete bibliography cannot ho given 
in the limited space available*. Studios tin the mode of action of 
these agent- have c >ntinuod to appear and a vry significant 
arlvancr; ha- been the attempt to plan* their ela-sitication on a 
more rational looting < /). 

In the following a eh.-me al * la— ilK ation lia- bn n largely adopted 
and studies which ar«- of biological importance or involve -ini' tun 
action relationships are indicated in the text when considered 
necessary. 


Naturally occurring substances 

Alkaloids atul alkaloidal derivatives 
In 1959, Waser & Harbeek (2) reported tin* first clinical use m 
toxiferinc-1 and curarine-1, and Wasr r (.?) has also demonstrated 
the distribution of curarinc- 14 C in the mouse diaphragm by auto- 
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radiographic techniques. Muscle-relaxant activity has been reported 
in alkaloids, etc,, from various plants (4-13). 

Quaternary ammonium derivatives of strychnine and strychnine 
A'-oxidc have been studied (16 ) ; of these, the pentamethylene 
his-strychninium derivative was four times as potent and half as 
toxic as tubocurarinc. Studies have been made of the curare-like 
alkaloids of Brazilian Strycluws sp. (17) and of the tertiary amine 
dihydro- p-crythroidine, the mechanism of action of which re- 
sembles that of tubocurarinc (IS, 10). McIntyre lists several 
alkaloids isolated from Erylhrina sp. and recently E . falcata was 
reported to contain curare-like alkaloids (20). 

Maltoxin, an amine obtained from brewer’s malt rootlets, is 
reported to cause a depolarising block in the frog (21). 

Bis-tropiniuni derivatives with the formula (I), (R = phenyl - 
acetyl, n 1, m 2, is the most satisfactory compound), have 


■°<D 


y 


Me 


fCH^OOC^H^COCKCH,)/ 

(I) 




muscle-relaxant properties (22). hexaniethylene his-atropinium and 
his-scopoliuium <lerivatives are muscle rclaxants, but retain the 
anti-muscarinic activity of the parent alkaloids (23). In a series of 
pnlymethylenebis- dicthyl-fT-tlieophylline ethyl) ^ammonium bro- 
mides. curari>ing potency increases as the number of methylene 
groups increases up to In (24). Some polymcthylcncbis-(l-ethyl- 
theobrominejainmonium bromides also possess curarising activity 
[23). 


A ntibioiics 

Neomycin sulphate was reported to be the cause of four cases of 
apnoea (two fatal) (20) Neomycin has tubocurarine-likc activity 
in animals and ether increases its effects (27 29). Streptomycin 
and tetracycline also cause neuromuscular block, the former and 
nmmycin resembling magnesium (SO 32). 


Vitamins 

Thiamine, pyritbiainine, oxvtliiamine, acetylthiaminc and co- 
carboxylase in large doses cause neuromuscular and ganglion block 
in the cat and dog (33 33). Thiamine block has been reported to be 
reversed by neostigmine [34) but other workers do not confirm 
this (,?,>). Pantothenic acid has l)een reported to prolong and 
increase the effects of tubocurarinc in man (•%*). 
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X at nr ally occurring choline esters , etc. 

Murexine (urocanoylcholine ; p-imidazol-4-vlacrylcholine) is a 
suxamethonium-like depolarising neuromuscular blocking agent 
which is hydrolysed by cholinesterase (40). Other murexine- 
like substances have also been investigated (41 45). Lcptodactylinc 
[ ( w- hy d rox y phe ny le t hy 1) t ri me t li y la mmo n i u m j , a pheny la lk y 1 - 
amine extracted from the skin of Leptodactylus ocillatus and L. 
pentadactylus, possesses both nicotinic and neuromuscular blocking 
activity (46). 

Interest has also been shown in the paralysing properties of 
tetrodoxin, a poison isolated from the roe of the globe fish (47, 4S), 
and in shell fish poisons (49, 50). 

Synthetic compounds 

Aliphatic and aryl- aliphatic oniitm salts 

Tetraethylammonium (TEA) has continued to arouse experi- 
mental interest; thus kitten diaphragm is reported to be more 
sensitive to TEA than that of rat, guinea pig or rabbit. TEA has 
been shown to act directly on muscle fibres and to increase acetyl- 
choline release at nerve endings. 3-Hydroxv-TEA possessed TEA- 
like properties (51, o2). 

Decamethonium and some allied compounds 

Decamethonium has now been shown to possess a dual mode of 
action and this is of considerable interest in view of earlier studies 
Decamethonium dioxide is devoid of neuromuscular blocking 
activity (*54) and it is clear that the presence of one or two ether 
oxygens in straight-chain bis- and tris-onium compounds sharply 
reduces potency The low potency of the 4-C member of the 
polymethylenebis-(trimethylammonium) series is said to be due to 
increased interaction between the charged onium atoms as inter- 
onium distance shortens, so that the 2- and 3-0 analogues may act 
as single, doubly charged ions (56). 

Amongst other polymethylenebis-ammonium derivatives, dc<a- 
methylenebis(trimethylammonium) methosulphate and flora - 
methylenebis(dimethylbenzvlammonium) chloride have potent 
neuromuscular blocking activity in cat, rabbit, rat and frog (54). 

Compounds (II) and (III) have neuromuscular blocking and 


Me 3 N-CH l CMe:CMeCH 2 NMe„^ir Mc 3 N' 1 1 1 ^CHCHMcN *Me a ,‘ZHr 

(II) (IUj 

parasympathomimetic properties (57). Ethylene bis(dodecynyl- 
dimethylammonium) chloride is also reported (5fl), while 1,10-bis- 
((limethylamino)cyrio-octadecane dimethiodide (59) lias tubo- 
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curarine-like relaxant activity and cyclo-octadecane both ganglion 
and neuromuscular blocking activity. 

Studies of AX -bis-, AA 7 AMris-, NSN-tris-, NNNN-tetia.-, 
XXSNN -penta- and A 7 A T A T AAA T -hexa-onium salts to gain in- 
formation on tlie receptor surface at the neuromuscular synapse 
and to correlate structure with activity have also appeared (60). 

Aliphatic bis-onium ethers 

A series of muscle-relaxant bis-quaternary ethers most of which 
are aliphatic or aryl-aliphatic anti derived from R^gH^O'CI^ 
+ 

CH 2 ‘NMe 3 I-/>)jj has been synthesised (61). A German patent (62) 
describes muscle-relaxant quaternary triamines and an East Ger- 
man patent (63) the dimethiodides of succinic acid mono-fi- 
dimethylaminoethyl ester, mono-fi-dimethylaminoethyl methyl- 
amide and the corresponding benzylamide. Of interest is the 
description of muscle-relaxant properties in some quaternary 
ammonium polymers made from alkyl vinyl ethers (64). Ganglion 
blocking and neuromuscular blocking activity have been found in 
quaternary alkyl ethers (66). Prodeconiumrdiohexadecanium ; 
X X X'X'- tetramethyl-AA"- bis(propoxycarbonvlmcthyl)-3, 14-di- 
o\ahexadecanc-l ,10-diammonium bromide^ possesses twoetherjand 
two ester-linkages and has been used clinically as a short-acting 
relaxant (66). It produces a mixed block more closely related to 
tubocurarino than decamethonium. 

Aliphatic bis-onium esters 

Carbamic acid esters of the general formula RR'NCO'O’CIL' 

('H 2 ‘NEt,X (R, -H, Et. Ph, 2-C lft H 7 or />-C 4 H,-OC 6 H 4 ; RX- 
H. Et or Pli; X (.1 or I) have muscle-relaxant activity {67). A 
series of polymethvlene l)is-(carbamoylcholine) chlorides [general 

formula XX{(:H : d 3 *((dL) 2 NHA'0-0*(CH 2 ) tt -0*0CNH(CH 2 ) 2 ^V 
(( 'H a ) St where n 2 *», M or 10 and X Cl or I) are also reported 
(6H). In this serifs Imbretil fhexamethylenebis(carbamoylchoIine[ 
bromide has been used clinically and is approximately equipotent 
with tubocurarine. 

Suxamethonium 

Cases of prolonged apnoea following suxamethonium are due to 
])seudocholinesterase deficiency and these coupled with the resem- 
blance of suxamethonium to ui etylcholine have led to studies on 
suxamethonium-enzyme interactions (6’&t). Further light on the 
niude of action of depolarising relaxants has been thrown by a 
comparison of the actions of suxamethonium, tubocurarine and 
decamethonium on chicken muscle and on the muscle of new-born 
kittens (60). Suxamethonium, benzoquinonium, neostigmine and 
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decametlumiutn hut not gallamine or tubocurariiie reduce twitch 
tension in directly stimulated muscle (70). Muscle pain after 
suxamethonium call be diminished by tubontrarine {71) or if the 
former is replaced by suxaethonium (72). 

A group of dicholine esters of dicarboxylic acids related to 
suxamethonium are described in an East European publication 
and evidence of East European interest in the properties of suxa- 
methonium is clear (T3). A series of A\Y'-bis-(M-dialkylamifloalkyl)- 
amides of dibasic aliphatic acids quaternised with "benzyl halides 
has also yielded neuromuscular blocking agents (74). 

Aromatic derivatives 

/>-Phenylenebis(acetylcholine), some />-phenylene diacetates, 
/j-alkoxyphenylacctates, /MiydroxVphenylpropiotiates, o-homo- 
phthalates and />-homopht halites (7-i), and the quaternary salts of 
ethylalkylamine ethers derived from hydroxy- and dihydroxy- 
diphenvl sulphones, possess muscle-relaxant activity (75). Some 
/KXylenebis(amrftonium) salts cause ganglion blockade and res- 
piratory paralysis in dogs (76), while neuromuscular blocking 
activity is reported in bis-quaternary phthaloyl esters (77) and in 
the triethirdide of bis(diethvlaminoethyl) 4-dimethylamino- 
isophthalate (78), in benzyltrimethyl ammonium iodide, in a scries 
of substituted benzyltfimethylammonium iodides and in furfurvl- 
trimethylammonium iodide (7#). Condensation of platvnecine with 
l,3-bis(bromoethoxy) benzene gives 1 ,3«bis-(/>-platynecineethoxv)- 
benzene, which is reported to have relaxant activity (80). There are 
patent specifications referring to quaternary salts of aniline ethers 
{81) and to aryl- and aralkyl -bis(triphenylphosphonium) salts (82). 

A series of 4, 4 '-diacetophenone derivatives with quaternary 
ammonium or pyridinium groups substituted symmetrically in the 
^'-positions possess neuromuscular blocking and anticholin- 
esterase activity. Compounds with a hydroxvethyl group on the 
quaternary nitrogen atom apparently form derivatives containing 
quasi-six-membered rings through an inter-reaction between the 
hydroxvethyl and carbonyl groups, and these were called hemi- 
choliniums. Hetnicholinium No. 3 !"7.»/-bis(dimethylethanolamino)- 
4,4'-diacetophenone] is a muscle relaxant with a slow onset but 
prolonged action (88). 

Benzoquinonium [2,5-bis-(3-ethylaminopropylamino)bcnzo- 
quinone bis(benzyl chloride)] has a 'mixed’ action resembling tubo- 
cUrarine more closely than decamethonium: it has been used 
clinically (84). the properties of 2,5-bis-(3-hexamethylencimino- 
pfopylamlno)-/>-benzoquinone have also been described (86), and 
(l,4-diacetoxy-2-methylnaphthyl)ben2yldiethylammonium is re- 
ported to possess action similar to that of TEA (56). 

Hexafluorenium [hexamethylene-l,6-bis-(9-fluorenyldimethyl- 
atnmonium) dibromide], a weak tubocurarine-like relaxant syn- 
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thcsiscd by Cavallito and his co-workers (57), has been investigated 
in dogs by Maori (55), and clinical reports have appeared (50). It is 
an anti-cholinesterase and prolongs and delays the onset of action 
of suxamethonium or surtafcthonium (90). Bronchoconstriction has 
been reported to follow the combined use of hexafluorenium and 
suxamethonium (91). 

Heterocyclic derivatives 

Neuromuscular blocking activity has been reported in l-[3-(4- 
methyl-l-piperazinyl)propyl]-3,3-diphenylpyrrolidine-2,5-dioiie,its 
hydrochloride and methiodlde (92). a series of JVf^-disubstitutcd 
barbiturates (03), 3,6-bis- (tertiary aminoalkyi)pyridazines (94), 
dimethylaminoethyl O-cthoxymethylfuran-2-carboxylate meth- 
iodide (05), and substituted aminoalkylhydrazincs and their salts 
(96). The synthesis and properties of pentafnethylene-bis-(A'- 
methylpyrrolidinium) and 3,6-bia-f2-(l-methyl-l-pyrfolidinium)- 
ethoxylpyridazine di-iodide have also been reported (97). 

2,2'-Dodccamethylenebis-(AC:V-ditnethylpiperidinium) iodide is a 
short -acting, muscle relaxant about equipotent with tubocurarirte 
(95). 'Mixed' muscle-relaxant activity has been found in bis-(3- 
hydroxydimethylpiperidiniuni) bromide ethers with 5-8, 10, 12 or 
U methylene groups (00). 2-Dicthylanunoethoxyethyl ot-phenyl-a- 
piperidihoacctatc dimcthiudlde is a short-acting, tubocurarine-likc 
relaxant with a rapid onset of effect (100). The properties of a 
series of dimetliiodides of a-phenyl- a- tertiary-amino acetates of 
(Ttertiary-aminoethoxyethanol have also been described (101). 

Neuromuscular blocking activity has also been found in the 
piperidino-, morpholino-, hexamcthyleneamino-, diethylumino-, 
and dimethylamino-derivatives of some <W-diaminodibutyl ether 
dimethiodides (102). 

(hlor promazine 

There is some agreement that chlorpromazine augments the 
actions of tubocurarine but decreases those of depolarising drugs 
(although there is a report that chlorpromazine increases the 
actions of both tubocurarine and suxamethonium on rat diaphragm 
preparations). Not all investigators agree that it has tubocurarine- 
like properties of its own (103). 

Ihug interactions 

Triplienylmethane dyestuffs which have no muscle-relaxant 
activity potentiate tubocurarine (104). Other dyes, e.g. Congo red, 
Trypan blue, Trypan red and Germanin, form insoluble complexes 
in vitro with tubocurarine, bilt suxamethonium forms no complex 
with Congo red. The View is expressed that formation in vitro of a 
precipitate is Hot related to the anti-curate action in vivo (105). 
Hie anti-curare action of these dyes t tills was referred to by Ferrari 
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& Costa, but Kensler was of the opinion that complex formation 
was responsible for the anti-curare activity (106). Germanin does 
not relieve suxamethonium-induced muscle pain in man (107). 

Chlorothiazide increases tubocurarine activity (70S) but 
galanthamine antagonises tubocurarine (109), diphenhydramine 
and promethazine antagonise TEA but potentiate gallamine (110). 
Other tubocurarine antagonists reported include tetrahydroamin- 
acrine, which also antagonises gallamine (111), phenolphthalein 

(112) , and 2-formyl-Tmethylpyrridinium iodide oxime, which also 
intensifies the actions of suxamethonium and decamethonium 

(113) . Harmine and belladonine increase the effects of suxa- 
methonium (111), but apomorphine, homatropine, co-carboxvlase p 
thiamine disulphide, 4~aminopyrinc and tubocurarine antagonist 4 
them. Chlorpromazine and bulbocapnine had no such effect (114). 

Intra-arterial histamine antagonises the depolarising but poten- 
tiates the non-depolarising relaxants (116). Sodium L-thyroxine 
increases sensitivity to decamethonium and neostigmine but not to 
suxamethonium or tubocurarine (116), and 2,4-dinitrophenol can 
cause neuromuscular blockade (117). Guanidine reverses the actions 
of depolarising drugs yet increases acetylcholine release per impulse 
from the nerve endings (US). TEA restores neuromuscular trans- 
mission in the partially curarised kitten, rabbit and rat, an effect 
thought due to increased acetylcholine release (119). <2- Ampheta- 
mine and tetrahvdro-^-naphthylamine reduce the rabbit head-drop 
dose of tubocurarine (120). 

Succinylbis(sulphocholine) is antagonised by trimethylsulphon- 
ium, TEA, hexamethonium and hexamethylenebis(methylsul- 
phonium) (121). 

Certain sulphonamides potentiate tubocurarine (122). 21-Hv- 
droxvpregnanedione potentiates laudexium but antagonises deca- 
methonium (123) and meprobamate increases the toxicity of 
tubocurarine (124). Carbon dioxide antagonises suxamethonium, 
decamethonium and gallamine but increases the activity of tubo- 
curarine (125) and mecamylamine (126). Mecamylaminc and tri 
inetaphan camphorsulphonate given prior to hexamethonium 
produce neuromuscular block (127). Hexamethonium, trimetaphan 
and homatropenium can themselves cause block but are more 
effective after preliminary 7 curarisation (128). 

Conclusion 

The neuromuscular blocking agents that are in current and 
extensive clinical use are the non-depolarising drugs tubocurarine 
and gallamine and the depolarising compound suxamethonium. 
All three were introduced more than five years ago, all have dis- 
advantages in clinical use, yet so far none has been satisfactorily 
replaced. This in itself is perhaps a sufficient commentary on the 
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difficulty of the task and the measure of success achieved in the 
period reviewed. Tubocurarine has a long duration of action, it 
possesses ganglion-blocking activity and may release histamine. 
Gallamine is somewhat shorter acting, but paralyses the cardiac 
vagus, while suxamethonium, a short-acting drug, causes initial 
muscular twitching and fibrillation which may lead to post- 
operative muscular soreness and stiffness. In rare instances it may 
cause prolonged apnoea and unlike tubocurarine and gallamine it 
lias no clinical antidote — a serious disadvantage. All three com- 
pounds can however be used with safety and give satisfactory 
results. Tubocurarine and gallamine are now so well tried that it 
would be difficult to introduce substitutes unless these possess 
quite exceptional properties, but a short-acting, non-depolarising 
drug with no trace of 'mixed' activity to replace suxamethonium 
is desirable, and this appears to be a profitable avenue for research. 
It has to be emphasised that 'mixed’-acting drugs are likely to be 
unsuccessful in practice because they may exhibit varying degrees 
of irreversibility in patients. 

References 

(/) Van Rossum, J. M., Ariens, E. J., & I.inssen, G. H., Biochemical Phar- 
macol., 1958, 1, 193 

(2) Waser, P. G„ & Harbeck, P., Anaesthesist, 1959, 8, 193 

(3) Waser, P. G., Heir, physiol. Acta, 1958, 18, 171 

(4) Kondo, H., Okado, M. P & Satonii, M., Japan P. 1249 (1958) { Chem . Abstr., 

1959,53,1397a) 

(5) luuovkov, A. D., & Platonova, T. F , Med. Prom. S.SSR, 1959, 13, 12 

(Chem. Abstr., i960, 54, 13 1 50 i) 

(5) Oyaizu, S., Nippon Yakurtgaku Zasshi, 1958, 54, 1093 (Chem. Abstr., 
1900, 54, 3 72 7 h) 

(7) .Moran, N. C., (,)uinn, G. P., & Butler, W. M., jun., J. Pharmacol., 1959, 
125, 73 

(#) Denisenko, P. P., Gangliolitihi i lilokatory X ere o my she dm. Sinapsov. 
Leningrad Sbornik, 1958, p. 122 (Chem. Abstr., 1900, 54, I7702e) 

(9) Malhotra, P. K., & Das, I*. K., Indian J. wed. Res., 1959, 47, 294 

(/fl) Mukerji, B., & Bandari, P. K., Planta wed. (Stuttg.), 1959. 7, 250 (Chem 
Abstr., 1900, 54, 7O05i) 

Ul) Pradhan, S. Is., & De, N. X., Arch. mt. Pharntacadyn., 1959, 120, 130 

(12) Gallagher, C. H., & Koch, J. H., Nature, I.ond,, 1959, 183, 1124 

(13) Inuue, K., Nippon Yakurigaku Zasshi, 1957, 53, 797 (Chem. Abstr., 1958, 

52, 18870b); Shimamoto, K., Inoue, K., & Ogui, Iv, Jap. J. Phar- 
macol., 1958, 7, 135 (Chem. Abstr., 1958, 52, 18890h) 

IN) Dozortscva-Kurbanova, P. M., Kuzovkov, A. D., Massagetov, P. S. t 
.Mashkovsky, M. D., A Kabelyanskaya, L. G., U.S.S.R. P., 114,259 
(Chem. Abstr., 1959, 53, 20709a); Dozortseva-Kurbanova, P. M„ 
Farmakol. i Toksikol., 1959, 22, 34 (Chem, Abstr., 1959, 53, 20577d) 

(U) Tomita, M. t & Kikkawa, I., Japan P., 781, 1959 (Chem. Abstr., 1960, 54, 
8879g 

(W) Hazard, K., Cheymol, J.. Chabrier, P„ & Drouin, H../. Physiol. (Paris), 
1957, 49, 198 

(17) Casinovi, G. C., Kedcror, AI., & Marini-Bett61o, G. B., R. C. 1st . Sup. 
Samta, 1957, 20, 325; Jorio, M. A., Corvillon, O., & Ares, H. 11., 
ibid., p. 334; Marini-Bettblo, G. B., Carneiro, P. de B., A' Casinovi, 



228 REPORTS OK THE PROGRESS OF APPLIED CHEMISTRY 


0, C, ibid., p. 342; Mnrini-Bettuto, G. B., A Jorio, M. A,, tbit l., 
p, 35$; Gazz. chim. ital., 1950, 86, 1305 
(iS) Folkcrs, K., & Major, R., J. Amer . chem. Soc., 1937, &9, 15 SO 
(19) Hanna, C., Macmllldn, >V. H., A MeHtujo, 1\ B., Arch. int. Phemnacodyn., 
1960, 134, 445 

{20) Paredes, N. F., An. far. /arm. bioquim. Uviv. nad mayor, San Marcos 
{Lima), 1957, 8, 454 (Chem. Abstr., 1959, 53, 22470a) 

{21) Urakawa, X., Xarahashi, T., Deguichi, T., St Ohkubo, V., Amir. j. 
Physiol. . 1900. 198, 939 

(22) Haining, C. G., Jdhtistoit, R. G., A Sitlitb, J. M., Nature, Loud., 1959, 

183< 542; Brit. J. Pharmacol., I960, 15, 71 

(23) Eckheld, D. K. ( J. Pharmacol 1959, 126, 21 

(24) Morin, H., C.R, Soc. Biol., Paris, 1950, 150, 10 4 

(25) Morin, H„ C.R. Soc. Biol, Paris, 1958, 152, 273 
(25) Pridgen, J. E., Stirgerv, 1956, 40, 571 

(27) Pittinger, C. B., A Long, j. p. t Surgery, 1958, 43* 445; Aniibioi. & 
Chemother., 1958, 8, 198; Pittinger, C. B., Long, J. P., A Miller, 
J. R., Curr. Res. A neslh. , 1958, 37, 270 
(25) Fulchiefro, E.. Turcotte, M. R., A Martin, S. J ., Proc. Soc. exp. Biot. N.Y., 

1958, 99, 537 

(25) Freyburger, W. A., Wallach, D. P., Smits* E., A Van den Brink, P. L., 
Aniibiot. Med. din. They., 1959, 6, 457 
[SO] Corrado. A. P., A Ramos, A. O.. Rev. bras. Biol, 1958, 18, Si; Corrado, 
A. P., Ramos, A, O., & de Escobar, C. T., Arch. ml. Pharmacodxu., 

1959, 121, 38U 

{31} Bezzi, G., & Gessa, G. 1.,, Nature. Loud., 1959, 184, Suppl. No. 12, 905 
(33) Brazil, O. V., A Corrado, A. P., J . Pharmacol; 1957, 120, 452 
(33) Gjone, E., Ada pharm. lex.. Kbit., 1955, ll, 55 
[31) Chevmol, j., Bourillet, K. t Leva9sort, C., A Karp, L., Arch. int. Ptmrina- 
' cod vn., 1957, ill, 36 

(35) Palma, J. R. D„ A Hitchcock, P. Anesthesiology, 1958, 19, 702 
(36') Morpurgo, Y„ A Spinelli, D., R.C. Accad. Lined, 1957, 23, 40n (Chem. 
Abstr., 1958, 52, 130s lb) 

(37) Erspamer, V., A Glasser, A,, Brit J. Pharmacol, 1957. 12, 176 

(3S) Quilliam, J. P., Brit. J. Pharmacol, 1957. 12, 38S 

(3.9) Kevl. M. J., A Whittaker, V. P., Brit. J. Pharmacol, 1958, 13, 103 

{40) Grelis, M. K., A Tabachnitk, 1 I A.. Brit J. Pharmacol, 1957, 1 2, 320 

(47) Holmstedt, B., A Whittaker, V. V., licit. J. Pharmacol, 1958, 13, 3<is 

(42) Rubin, A. A., Mershon, j., Tabachnick, I. L A., A (lovier, W. M., 

J . Pharmacol. 1958, 128, 104 

(43) Erspamer, V., A Glasser, A.. Brit. J. Pharmacol, 1958, 13, 378 

(44) Tabachnick, I. I. A., Roth, F, E., Mershon, J., Rubin, A. A.. Kckliardt, 

E. T., A Govier, W. M , J. Pharmacol, 195s, 128, 98 

(45) Keyl, M. J , Michaehort, I, A., & Whittaker, V. P J. Physiol, 1957, 

139, 434; Whittaker, V. P., Biochan. J., 1957 66, 30f; 1959, 71* 32 

(46) Erspamer, V., Ric. sci., 1952, 22, 1420; 1958, 28, 2065; Krapahkr, V., 

Arch. Biochem. Btophys., 1959, 82, 431 

(47) Kuriaki, K., A Wada, L, Jap. J . Pharmacol, 1057, 7, 35; Wada, I., 

Nippon Ydkurigaku Zasshi, 1957, 53, 129 
(4S) Ruga, T., Nippon Yafturigaku Zasshi, 1958, 54, 1257 {Chem, Abstr , 

1960, 54, 748e) 

(49) Bolton, B, 1.., Bergner, A. L)., O’Neill, J. J., A Waelcy, P. F., Johns liopk. 
Hosp. Bull, 1959, 105, 233 

i-iO) McEarren, E. F., Schafer, M. L., Campbell, J. R, Lewis, K. IL, Jensen, 
E. T., A Schantz, E. J., C.S. Dept. Jllth, JidUc. Welfare Publ tilth 
Serv., 1956; Sommer, H , A Meyer, K. F., Arch Path. {Lab. Mat.), 
1937, 34, 560; Meyer, K. i*\, Sommer, H , & Schoenholz, P J . Prev. 
Med. Land., 1928, 2, 365; Printline tal, M. t Sommer, H , A Leake, 



FINE CHEMICALS AND MEDICINAL SUBSTANCES 


m 


(\ 1)., f. Pharmacol., 1932, 46, 03; Muller, H., ibid.., 1935; S3, 07; 
Mold, j. D,, Bowdeh, J. R, Stangur, I). W., Mauver, J. E. ( Lynch, 
J. M,, Wyler, K. S., Schahtz. K. J., & Uicgal, 15. . J. Amer. chem. 
Soc., 1957, 79, 5235; Seven, M. j., Ann. intern. Med., 1058, 48, HD I ; 
Getnmill, J. S., & Manderson, W. G., Lancet, JtlOO, ii, 307 
(.5/) Stovner, J., Acta physiol, scand,, iyf)7, 40* 275, 285; 41 * 370; 1058, 42, 208 
(■ii?) Koketsu, K., Amer. J. Physiol., 1058, 193, 213 

(FI) Water, P. G., & Luthi, U., Arch. int. Phaymdcodyn., 1057, 112, 272; 
Waser, 1*. G., Proc. hit. Symp. Curare and Curare-like Agents 
(Kiu tie Janeiro), 1957, 1950, p. 210; Dybirig, F. ( Acta pharm. tox., 
Kbh., 1000, 16, 291; Sabawala, P. B., A Dillon, J. B., Acta anaesth. 
scana., 1059, 3, 83; Theslef!, S., Acta physiol, scand., 1055, 34, 218, 
386; Jendfcn, l3. J., J. Pharmacol.. 1055, 114, 308; Brehhdn, H. J., 
Sirit. J. Anaesth., 1050, 28, 1950; Churuhill-Davidson, H. C., ibid., 
p. 342; Hodges, R. J, H., A Foldes, F. F., ibul. , p. 532 
[54) Hano, J., Wilirtaowskil, M., & Gieldanowskii, j., Arch , Immunol, i Terapii 
Dosmadczainej ., 1058, 6, 317 (Chem. A bstr. , 1950, 53, 13419g) 

(;J<5) Edwards, D„ Lewis, J. J., McPhail, D. E„ Muir, T. C., A Stenlake, J. B., 
J.Pharni. Lonti., I960, 12, 137t 
(Ifi) Gray, A. P., & O'Dell, T. B„ Xature, Loud., 1058, 181, 034 
(.57) Bahyshnikov, i. I., Karmahol. i T ok si hoi., 1957, 30, 27 (Chem. Abstr., 
1958, 62, 581b) 

(.W) Hwa, J. C. H., U.S.P. 2,033,520 

(59) PmtiVn, M., & Borovicka, M., Czech. P. K8,3U9 

(ti(i) 1C d wards, D., Lewis, J. J., Stenlake, J. B., & Zoha, M. S., /. Pharm., 
Lonil., 1057, 9, 1004; 1958, 10, HiOt, 122t; Carey, I'. M., Edwards, 
U., l>ewis, J. J ., & Stenlake, J. R, ibid., 1059, 11 4 70t; Edwards, D., 
Lewis, J. J., Stenlake, J. B., A Stothers, E., J. Pharm., Loud., 
1050, 11, H7r; Edwards, D., Stenlake, j. B., Lewis, J. J., A Stothers, 

1 med. pharm. Chem., 1001, 3, 300; Muir, T. C., A Lewis, J. J., 
J. Pharm., Land., 1 959, ll. Oi l 

(01) Morrell, H„ HtMg. P. 511,210-21 (Chem. Abstr., 1058, 52, 10307e); 
Moffen, H., Trolin, S., Strubbe, If., & Grivsky, 1C., /. Pharm., Help., 

1052, 7, V95; Brodowsky, It., A Huguenard, P„ Attisth. A twig., 

1053, 10, 242; Brodowsky, K. t Proc. World Cougr. A nasthesiol. 
(Scheveniiigen) 1955, 1 959, p. 2s3; Levis, S., Preat, S., A Dduby, J., 
Arch. ml. Phannacodyu., 1053, 03, 40; MUndeleer, R, & Levis, S.. 
A eta mutesihcsiol. Helg., 1052, 3, IIU; A1 unde Iter, P., ibid,, p. 2U3; 
Muntemdliini, S., Ann. Ostet. (linn., 1050, 78, 0-10 

(b'J) Keetz, T., Ger. P. 8-18,825 (Chem. Abstr., 1058, 52, I0280i) 

(6?) Wunderlich, H., E. tier. P. M,7ii4 (1058) 

(f>4) Melamed, S , Ger. P. 1,(105,273 

(61) l.enke, D., Arznvim.-I'orsch., 1057, 7, 010; Fakstorp, J., Poulsen, E., 
Richter, \V., A Schilling, M., Acta pharm. tox., Kbh., 1055, 11, 319; 
Fakstorp, J., Pedersen, j. G. A.. Poulsen, Ii., & Schilling, M.. tbid., 
1957, 13, 52; Fakstorp, J., A Pedersen, J. G. A., ibid., 1957, 13, 350; 
Lewis, J. J.. & Muir, T. C., unpublished observations 
(fJO) Frey, R., Proc. World Congr. Ancsthcswl. (Schevehingen) 1955, 1030, 
p. 202; Hunter, A. E., Anaesthetist, 1050, 8, S2; Domcnjnz, K., 
Moersdoff, 1C., Anaesthetist, 1956, 5, 213; Glrod, E., A Halliger, F.. 
KxperietUia, 1952, 8, 233; Griffith, H. R., Cullen, \V. G., A Welt, R, 
Canad. Anaesth. Soc. J., 1930, 3, 310; Kern, K., Vincent-Espinasse, 
J., & Talbot, J. L., ibid., p. 007; jolly, C., Anesthesia, 1037, 12, 3; 
BUrbieri, G. C., Lodi, it., A Malguti, G,, Poll. soc. med.-chir. Modena. 
1058, 58, 135; Barbieri, (i. C„ Lodi, R., A Ascari, E., ibid., p. 45n; 
Barbieri, G. C., A Lodi, 1<„ ibid., p. 591 
(67) Sekcra, A., Vrba, C., A Mengerova, L. t Arch. ivt. Phattuacodyn , 1900, 
124, 330 



230 REPORTS OX TIIE PROGRESS OF APPLIED CHEMISTRY 

(68) Brucke, H. ( Proc. World Congr. Anesthesiol. (Schcveningen), Bfoo, 1950, 
p. 267; Fincato, M., & Calligari, G., AttiSoc. lombardaSci. med. biol., 
1957. 12, 311; Cheymol, J., Chabrier, P., Guidicelli, R., Najcr, H., 
& Bourillet, F., C.iG Acad. Sci., Payis, 1957, 245, 

(iStfaJHansson, C. H., Acta pharm. tox., Kbh., 1957, 14, 0; Wolleman, M., 
Kim. Wschr., 1958, 36, 131 

(tW) Crema, A., Scognamiglio, \V., & Bovet, D., Arch. int. Pharmacodyn., 
1959, 122, 152; Purpura, D. P., Carmichael, M, \\\, & Housepian, 
H. M.. Proc. Soc. exp. Biol. X.Y., I960. 103, 334’. 

(70) Irwin, R. L., & Wells, J. B Pharmacol., 1959, 125, 159 

(7!) Mavrhofer, 0., Anaesthesia, 1959, 8, 313 

{7'*) Enderby, G. E. H., Brit. J. Anaesth., 1959, 31, 539 

(73) Rybolovlev, R. S., Ditilia i Opyt. Klin. Prim. A had. X auk Anuyan. 

SSR, Inst. Tonkoi org. Khim., 1957, p. 29 (Chem. Abstr., 1959, 53, 
lU5l*t>c); Danilov, A. F., Mikel’son, M. Y., & Rybolovlev, R. S.. 
ibid., p. 92 {Client. Abstr. , 1959, 53, I05(>0d); Mndzhoyan, A. L., & 
Mndzhoyan, 0. L., ibid., p. 7 (CJm’wj. Abstr., 1959, 53, 10500b); 
Bovet, D.. & Bovet-Xitti, F., Farmakol. i Taksikal. , 1959, 22, 291; 
Dvahlova. P. E., Bwtll. eksp. Biol. Med., 1958, 46, 73 [Chem. Abstr., 
1959, 53, 17334c) 

(74) Kirchner, F. K.,Ger. P. 1,924.517, 1958 {('hem. Abstr., 1999, 54, lS300g) 
73) Rosnati, V., Ga::. chim. ital., 1957, 87, 215; Scognamiglio, W., Arch. ital. 

Sci.farmacol., 1959, 9, 191; Seognamiglio, \\\, R.C. 1st. sup. San., 
1959, 22, 48; Carissimi, M. p Kavesina, F., Milla, K. ( & Grumelli, K, 
Parmaco, 1958, 13, 809 

(76) Domer, F, R., & Schueler, F. \Y., Arch. int. Pharmacodyn., 1958, 114,217 

(77) Barstad, J. A. B„ Skramstad, K. H., 8: Oksne, S., Arch. int. Pharma- 

codyn . , 1959. 121, 395 

(7$) Carissimi, M., Ravenna, F., Milla, E., Grumelli, E., & Grasso, I., 
Farmaco, 1958, 13, 231 

(7.9) Levy, J„ Mathieu, X'.. & Michel-Ber, E . J. Physiol., {Paris), 1958, 50, 1043 
(59) Men’shikov, G. P., Danilova, A. Y., Kuzovkov, A. D., & Garina, M. 1 , 
Russ. P. 118,205 (1959) [Chem. Abstr., 1959, 53, 19313b) 
f5i) Horclois, R. J., Fr. P. 50,755 (1952) 

\v>) Thielen, L. E., & Dornfeld, C. A., U.S.P. 2,802,971 
(53,i Long, J. P., ic Schueler, F. W., J. Amer. pharm. 1951, 43, 79; 
Schueler, F. \\\, J. Pharmacol., 1955, 115, 127; Ueitzel, X'. L.. ife 
Long, J. P., Arch. int. Pharmacodyn., 1959, 119, 2i > ; Kongo, V. C, , 
ibid., p. 1; Marshall, ]\ X., & Ixnig, J. P., J. Pharmacol., 1959, 127, 
23>; 

(54) Johansen, S., & Hougs, W., Proc. World Congr. Anesthesia!. (Scheven- 
ingen), Jt/d-j, 1950, p. 200 ; Hougs, \\\, it Johansen, S. H., Acta 
pharm. tox.. Kbh., 1957, 13, 410; 195*, 14, 3*5; Bowman, W. C , 
Brit. J. Pharmacol., 195s, 13, 521 

(85) Oettel, 11., Schuster, C., Gehm, R., Forster, W., Ger. P. 912,02s 

(86) Fantinelli, M. D., Rev. farm. \Bue.nn<, . lord. 1959, 101, 55 (Chem. Abstr., 

1900, 54, 7984c) 

(57) Cavallito, C. J., Gray, A. P., & Spinner, E. K., J. Amer. chem. Soc., 1954. 

76, 1802 

(85) Maori, F. J., Proc. Soc. exp. Bio l. X.Y., 1951, 85, 003 
(80) Condaro, V. & Arrowood, J. (7, Curr. Res. Anesth., 1955, 34, 112; 
Arrovvood, J. G., & Kaplan, M. S., ibid., 1950, 35, 412; Kizzi, K.. 
Acta anaesth. {Padova), 1950, 7, 59 

(,90J Foldes, F. F., Molloy, R. E , Zsigmond, E. K., & Zwartz, J. A , J. Phar- 
macol., 1900, 129, 400 

(fit/) Foldes, F. F., Hillmer, X\ K. t Molloy, 1<. K., & Monte, A. P., Anaes- 
thesiology, 1900, 21, 50; Sclvin, B., & Howland, W. S., Curr. Res. 
Anedh.. 1959. 38, 332; 1900, 39,49; Koldes, F. I*., ibid., 1900, 39, 17 



231 


l'INE CHEMICALS ANI) MEDICINAL SUBSTANCES 

{!>■!) Jacob, R. M., Hordois, K. J., & Regnier. G. L., B.P. 788,808 
{93) Scllcri, R., & Chiti, W., Farmaco, 1957, 12, 3 
{91) Steck. E. A., U.S.P. 2,858,311 
(■M) Maslikovsky, M. D., & Avakyan, V. M., Farmacol. i Toksikol n,Vi 
22, 300 '' ‘ ' 

[96) Hillers, S„ Vasserman, K, H., & Venter, K. K., Voprnsy Ispol’zovan 
1 ‘enlosa nsoderchashchego Syr’ya Trudy Vscsoyus Sovcschanixa Rina 
m'i, P..I5K, :m {them. Ah. dr., 1959, 53, I5()75g) ' 

{Ut) Biol, J. H., U.S.P. “2,830,050 
1 9S) Mantcgazza, R, Farmaco, 1930, 11,337 

\99) Fisher, A. L, & Keasling. H. H., J. Aiuer. phann. Ass., 105s, 47, 43* 
[100) Cheymol, J., Giudicelli, K., Chabrier, P., & Naier, H., C.R Acad S W 

Paris, 1030, 248, 1723 ’ 

{Ml) Cheymol, J., Giudicelli, 1C, Chabrier, l\, & Najer, H , Arch. int. Pharma- 
cod yn., HIGH, 124, 1*21 

{102) Badische Anilin-u. Soda-Fabrik A.-G., Ger. P. 92 1 ,207 
t M3) Aronsen, K. 1\. Gcrgh, X. I\, & Hacker, K. t Acta phann. tow, Kbk 
HC)7 ; 13 , *20; Dry berg, \\, & Hougs, \V., ibid., 1958, 14, 130; 
Wislicki, L, Arch. int. Pharmarodyn., 1958, 115, 5*2; Su, C., & Lee 
C. V., Frit. J. Pharmacol, 1000, 15, 88; Beani, J,., Arch. ital. sci 
farmacol, 1958, 8, 5*2. 

\U)i) Cheymol, J.. & Ikmrillet, 1\, Thcrapic, 1959, 14, 55 
{103 j Sangiorgi, Arch. int. Phannacodyn., 1959, 122, M4; Arch. ital. sci. 
fanatical, 1959, 9, 50 

f MO) Ferrari, \Y., & Costa, \i., Farm. sci. e tech., 1949, 4, 003, 081' Render 
C. J., J. Pharmacol, 1949, 95, “2 8 
Adi) Konow, V , Anaesthesia, 1959, 8, 109 

l MS) Ferrari, \V., Gessa, G., & Sangiorgi, G., X attire. Loud., 1959 184 SuduI 
No. If., 1*235 ’ ' ' 

{ 109) Irwin, K. L., & Smith, If. J., Arch. int. Phannacodyn., 1900, 127, 314 
[1M j Fernandez, j. M. T.-A., Farm, micro. {Madrid), 1959, 24, 543 \chem 
Absir., 190(1, 54, 7891a) 

AH) Gorshon, S., Shaw. V. H . J. Phann., Loud , 1958, 10, 03s 

{If-) Cheymol, J., Bourillet, F., & Puppcl, II., Thcrapic, 1957, 12, 72 

AI3) Wills, J. H., Kunkel, A. M., O’Leary, j. 1\, & Oikenmus, A. ]{.. Proc. 

Soc. exp. IS ini., X.Y., 1959, 101, 190 
{III) Kapff, J., Arch. exp. Path. Pharmak., 1959, 236, 1 19 
A Pi) Schenk, E. A., & Anderson, K, G., J. Pharmacol. , 1958, 122, 234 
A P f ) 1 aha ch nick, I. I. A., Thorstad, J. A., Wagner, J., &, Parker, R. F., Arch, 
nit. Pharmarodyn., 1958, 114, 210 

A 1 ') Kraal z, H. G., & Trautwein. \V., Arch. exp. Path. Pharmak 1957 231 

119 

AIK) Olsuka, M., & Endo, M., /. Pharmacol, 1900, 128, 273 

AM) Stovner, J., Acta phann. tox., Kbh., 1958, 14 , 317 

A'M) Cheymol, },, Lovassort, C,, Ikmrillet, F„ Sc. Lcroux, L., Thcrapic 1957 

12, SK(I t ' 

AM) Della Bella, L>.. Markovits, S., & Rognoni, F., Atti Soc. lombarda Sci. 
wed. hull., 1958, 13, 11 

A~) Cheymol, J . ( & Bourillet, F., J. Physiol. {Paris), 1959, 51, 133 

AM) Lanzetta, A., & Murpurgo, V., Atti Soc. lombarda Sci. wed bio! 1959 

14, 32 

AM) Ingalls, J. W., & Greenberg, L., J. Amer. phann. Ass., 1959, 48, 513 
AM) I’aync, J. I\, tint. J. Anacsth. 1958, 30, 200 
AXj) Payne. J. V., & Rowe, G. G„ Brit. J. Pharmacol . 1957, 12, 457 
AM 1 Payne, J. R. tint. J. Anacdh., 1957. 29, 338 

AM) Deacock, A K. DeC„ A Davies. T. U. W., Urit. f. Anacsth., 105S, 30,217 



232 


RK PORTS ON THE PROGRESS OF APPLIED CHEMISTRY 


Supplementary Bibliography 

‘Curare, its history, nature, and clinical use*, McIntyre, A. R., 1947 (Uni- 
versity of Chicago Press 1 

Symposium of Xeurohumqural Transmission, 1953, Pharmacol. Rev., 1934, 6 
Chemistry and pharmacology of synthetic materials with curare activity. 

Schneider, W.. Anneim.-Forsch., 1953, 3, 597 
Synthetic curare compounds. Cheymol, J., Arzneiw.-Forsck., 1951, 4 * 51 
Central and synaptic transmission (pharmacological aspects). Perry, W. L. M.. 
Antitt. Rev. Physiol., 1930. 19, -79 

Biochemical evidence for neural function of acetylcholine. Hebb, C. O., Physiol. 
Rev., 1957, 37, 199 

Method of action of cholinergic and anticholinergic substances. Wascr, P. C., 
Schu-eiz. mat IVchsch.. 1957, p. 97 

l'ate of muscle relaxants in man. l'okles, I*. K., Acta anesthcsiol. scand., 1937, 
1, 03 

Anaesthesia. Brit. used. Bull., 1959, 14, 1 

Pharmacological investigations with new mvoplegic substances. Ho tow, K., 
Farmacognosia, 1959, 18, II 

Present state of the curare problem from Claude Bernard to modern anaes- 
thesiology. Bovet. D.. Albert IFa ia/cr Gcdoitcvorlesunq, 1938, No. 2, 3 
Central and svnaptic transmission in the nervous system (pharmacological 
aspects). Patou, \V. D M , Jiihh. Rev. Physiol., 1*958, 20, 131 
Measurement of neuromuscular block. Zaimis. E.. Quantitative Methods in 
Human Pharmacology and Therapeutic* Symposium (Ixmdon), JilnS, 1939, 


p. 24 

Curariform drugs and the new hypothesis concerning neuromval transmission, 
McIntyre, A. R.. Postgrad. Med.. 1939. 24, Spec, issue, 237 
Curare and anticurare agents. Storck. Rev. corps Saute milit., 1959, 15, 3M. 

Also Symposium, Ann. S.Y. Acad. Sci., 1937, 54 
Curare and curare-like agents. Proc. Ini Symposium (Rio do Janeiro), IUM 
tPubl. 1959) 

Qualitative and quantitative evaluation of curarising substances Cheymol, J ., 
Thempte, 1937. 12, 321 

Chemical agents of the nervous system Hebb. C. O , hit. Rev. Seurobtoi, 19 »9, 


1, 165 

Nerve excitation and synaptic transmission. Spyropoulos, C, S., <Sf Ta*akj, I., 
Ami u. Rev. Physiol., 1%U, 22, 407 

Mechanism of synaptic, transmission. Katz, R., Rev. mod. Phys., 1939, 31, 521 
Evaluation of drugs affecting neuromuscular transmission. Davis, W. A., 
Arner. J. Pharm., I960, 132, 122 

Pharmacology of neuromuscular blocking agents in man. Eoldes, E. E., Clin. 
Pharm acol. I ho a p . , 1 969, 1 , 313 

Methonium compounds. Paton, VV. D. M., Sc Zairnis, E. J., Pharmacol. Rev, 
1552,4, 219 

Pharmacology of the neuromuscular junction. Hunt, t\, & KulHer, S., 
Pharmacol. Rev., 1930, 2, 96 

Nature of the nerve impuUe. Katz, R, Rev. mod. Phys., 1939, 31, -llih 
Factors which alter the effects of muscle relaxants. Fokles, F . I* . , A tusthcsiohgy. 
1959, 19, 401 

Laboratory- estimation of eurarc-likc activity in natural and synthetic products 
Lewis*, J. J., <fc Muir, T. C., Lab. Practice, 1959, 8, 333, 304, 404 
lectures on the relationship l)e tween chemical structure and pharmacological 
action. Ing, H. R., Farmaco, 1959, 14 



FINE CHEMICALS AND MEDICINAL SUBSTANCES 


m 


DEPRESSANTS AND STIMULANTS OF THE CENTRAL 
NERVOUS SYSTEM (R. Howe, B.Sc., Ph,D„ A.RXC., & 
E. H. P. Young, M.Sc., Ph.D.) 

Imperial Chemical Industries Ltd ., Pharmaceuticals Division 

Volatile anaesthetics 

2-Bromo-2-chloro-l,l,l-trifluoroethane (Halnthanc, Kluuthane) has 
now proved to be a safe and efficient inhalation anaesthetic for all 
types of surgery and has an extensive literature (/). The pharmaco- 
kinetics of Halo thane anaesthesia has been reported (i?) and the 
pharmacology reviewed (5). Tritium-labelled Halothane has been 
prepared (4). The central depressant effect of Halothane is reported 
to be reduced by the use of the Halothanc-ethcr azeotrope (5). 
Interest in fluorinated hydrocarbons (6*) and fluorinated ethers ( 7 ) 
has continued. 2,2-Dichloro-l , 1-difluoroethyl methyl ether 
(Melhoxyflurane) has been successful in a limited clinical trial («%). 
The induction was smooth and emergence was without delirium or 
hypotension and with decreased nausea. It is non-flammable. 


Intravenous anaesthetics 

The synthesis and resolution of 5-allyl-l-mcthyl-5-(l-methyl-2- 
pentynvljbarbituric acid (Compound 25,308, Lilly) (Methohexital, 
Brcvital) has been described (.9) and further confirmation of its 
* | clinical value as an ultra-short-acting barbiturate re- 
, II I ported (W). Further variations in the side chains of 
VS* thiopentone (I, R=- H.R'=MeCH, , CH 2 'CHMc, R'=Et) 
irC-ijf to produce a short-acting thiobarbiturate have been 
i h reported (11) ; B137 (R=Me, R'=Et, R*=Me t CH-CH 2 ) 
(i) is on clinical trial. 

The potent analgesic l-(l-phepylcyclohexyl) piperi- 
dine (Sernyl, CI-3U5 Parke Davis) (12) and the related compounds 
jV-ethyl-l-phenylcyclohexylaminc (Cyclohexamin, CI400) and 
I -(l'2'-thienylcyclohexyl) piperidine (Cl-421) have boon used as 
intravenous anaesthetics for minor surgery (I«3). The anaesthetic 
effect was reported to he good, with little disturbance of respiration 
or circulation. Lack of muscular relaxation was a disadvantage. 

Several oxetanes have shown anaesthetic activity in rats, 
accompanied by considerable toxicity (14). The best, 3,3-diethyl- 
oxotane (15), which is related to the anticonvulsant Prenderol (16), 
also showed sedative and anticonvulsant activity. 

I he sodium hemisuccinate of 2 1 -hydroxy pregnane-3, 2 Q-dionc 
(Viadril, Roche Products; Presuren, Sobering A.-G.), first intro- 
duced by Murphy et al . (17), has proved useful as an intravenous 
anaesthetic (1H). 
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Anticonvulsants 

The types of drugs now available for the treatment of epilepsies 
have been reviewed (19). The possible clinical usefulness of mono- 
amine oxidase inhibitors in epilepsy is under investigation (20). 

In the cyclic amide class of anticonvulsants, results with 1- 
phenyl-5,5-diethylbarbituric acid (Pyrictal, B.W. No. 401) against 
febrile seizures have been sufficiently encouraging to warrant 
further evaluation (21). The promise shown by neopcntylallyl- 
barbituric acid (Nevental, A.B. Pharmacia) in animal experiments 
has not been fulfilled clinically (22). The pharmacology and 
structure-activity relationships of a series of urazoles having a 
nucleus isosteric with that of the hydantoins has been discussed 
(£3). 3c-(/>-Ammophenvl)-x-ethylglutarimide (Elipten, CIBA), an 
analogue of the hypnotic Doriden (x-etliyl-a*phenylghitarimide), 
has been reported to be a useful adjunct in the management of 
epileptics (24). 

In small trials, the carbonic anhydrase inhibitor 6-ethoxvbenz- 
thiazole-2-sulphonamide (Ethoxzolamidc, Cardrase) has been 
shown to control both grand mal and petit mal seizures (£5). Interest 
in the anticonvulsant activity of quinazolones (26), including the 
hypnotic 2-methyl-3-o-tcilyl-4-(3H)-quinazolunc (Tuazolonc, 
Tuazole) has recently developed, but clinical evidence is not yet 
available. The most active compound of those tested by the British 
Drug Houses was 2-methyl-3-/>-bromophenvl-4-(3H)-quinazolone 
hydrochloride (B.D.H. 1 S£ 0 ). 

Hypnotics 

New barbiturate-type hypnotics continue to appear. One of 
these, 5-aIlyl-l-methyl-5-(l-methyl-2-pcntynyl)barbituric acid, has 
been separated into its four optically active isomers (9, 27). Striking 
pharmacological differences were noted between the isomers. A 
similar compound, 5-allyl-5-neopcntylbarbituric acid (Nevental) 
(2#), has been tried clinically (2.9) and it is claimed to have a rapid 
action and is not followed by tiredness or drowsiness. The properties 
of another related allylbarbituric acid, 5-allyl-5-s-butylbarbiturir 
acid (talbutol), have recently been described (30). The variation in 
distribution of the various barbituric acids is dependent upon both 
the mass of the 5,5-substituents and the inductive effect of these 
substituents on the hydrophilic part of the molecule (31). Similar 
effects have been noted in a related series of aza-uracils (32). A 
new' synthesis of thiobarbituric acids, which were evaluated as 
brief-acting hypnotics, has been described (33). Several glutari- 
mides have been recommended as substitutes for barbiturates 
which are potentially dangerous drugs. Glutcthimide, a-cthyl-a- 
phenylglutarimide, is not without danger at high dosage (34). One 
of the safest and most effective non-barbiturate hypnotics is 



FINE CHEMICALS AND MEDICINAL SUBSTANCES 235 

jV-phthaloylglutamic acid imide (Distaval, Contergan) (35), whose 
pharmacological actions have now been described (36'). Other 
related cyclic imides which have been prepared include some 2,2- 
disubstituted-thiomorpholinc-3,5-dioncs (37), 3,3-dialkylpiperazine- 
2,6-diones (38), 4-aralkylpiperazine-2,6-diones (39), and azetidine- 
2,4-diones (40). The Italian workers who prepared the azetidinones 
also prepared some 3,3-disubstituted-2-azetidinones and 3,3-di- 
substituted azetidines (41), some of which in the course of 
pharmacological investigation showed marked sedative and hyp- 
notic properties (42). The glutariinides, particularly glutethimide, 
are said to differ from all other barbituric and non-barbituric 
sedatives in their ability to inhibit cholinergic pathways (43). 
Another new hypnotic which is a cyclic amide is 2-mcthyl-3-<?-tolyl- 
4-(3H)-quinazolone (TR495; Tuazole) (44), which has been exam- 
ined by Ravina (43) and found to be clinically effective and to have 
few side effects. Further work has been reported on acetylenic 
carbinols and glycols and their respective carbamates. Methyl- 
pentynyl carbamate has been described as being a safe and 
effective hypnotic in geriatric cases (40) and a favourable clinical 
trial of 2-mcthyl-2-s-butylpropanc-l,3-diol dicarbamatc (W.583) 
has been reported (47). Some 2,2-dialkylpropane-l,3-diol bis- 
(alkoxyalkylcarbamatcs) showed no meprobamate-like activity 
[48). Ethinamate (1-ethynylcyclohcxylcarbamate) is metabolised 
to l-ethynyl-4-hyclroxycyclohexyIcarbamate (49). It has been 
shown that the acetylenic bond is essential for high activity in a 
series of cyclic carbinols (30). The carbamates of some bicyclic 
cthynyl carbinols were also active (5/). Replacement of the cthvnyl 
group by a propargyl group in both the carbinol and the carbamate 
series (52) has yielded active compounds, the best being 1-pro- 
pargylcyelohexyl carbamate (Mcrinax) (53). The effect of variations 
in the size of the ring, the nature of the urethane grouping and 
other ring substituents have been investigated (34). An entirely 
different chemical type is represented by 3,4,5-trimcthoxybenzovl- 
glycine-.VA'-fliethylamide (trimeglamide), which has been tried 
successfully in man (55). A number of related glycineamides has 
been prepared (-56*) and a closely related compound A -(3,4,5- 
trimethoxybenzoyljtctrahydro-l ,4-oxazinc (Trioxan , Compound 
V-7) (57) is now in clinical use. Vet another new type of compound, 
2-o-hvdroxy-l ,3, 4-oxadiazole (Hypnazol) has hypnotic properties 
and has been used successfully in the treatment of insomnia (53). 
In a series of urcides prepared from ethyl 4-phenylpiporidine-4- 
carboxylate and substituted ureas, tlic compound derived from 
A -ethylurea was found to be hypnotic (5$). 

Tranquillisers 

Along with the discovery of new phenothiazines an enormous 
amount of information is amassing concerning the mode of action, 
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the uses, and the limitations of the older-established phenothia- 
zines Recently described phenothiazines include thioridazine 
(T.P.21, Melleril; II, R x =SMe) {60, 61), 
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KS75 (II, R,=OC,HJ) (62, 63), TZ11 (III, Rj = SMe) (61, 62), 
SKF6270 (IV, R^SMe) (64), SKF5354-A (IV, Ri=CF 3 ) (65), 
methdilazine (Tacaryl, V, R X = H) (66), ethvlisobutrazinc (Sergetvl. 
6484 R.P., Diquel, IV, R=Et (67), propiomazine (Propavan, 
VI, Rj—COEt) (66), PI 030 (VII, R,=OMe) (60), pipamazine 
(Momidine, VIII, R^Cl. R 3 =CONH 2 ) (70), Sch. 6673 (VIII, 
R t s=Ac, R 3 =CH 2 *CH 2 -OH) (71), fluphenazine (Permitil, Prolixin. 
VIII, R l =CP 3 , R 3 =CH 2 *CH 2 *OH) (72), perazin (Taxilan, F72.\ 
VIII, R 1 = H, R 3 — Me) (73), trifluoperazine (Stelazine, VIII, 
R 1 =CF 3 . R,=M e(74), 5501 MD (IX, R,-H (75), CIBA 17,040 
(X, R 1= C1) (76), 6710 R.P. (XI, R^Cl, R,=Me) (77), and 7843 
R.P. (VIII, Rj^SOj'NMej, R 3 — Me) (76). Much new clinical and 
pharmacological information has been published on the following 
established phenothiazines: perphenazine (Trilafon, VUI, R 1 - G. 
R 3 =-CH 2 *CH 2 *OH) (70), thiopropazate (Dartal, VIII, R t Cl, 
R 3 =-CH 2 *CH 2 -OAc) (SO), prochlorperazine (Stemetil, VIII, Ri— 
Cl, R 3 — Me) (HI), methopromazine (Mopazine, III, R^ OMe) (H2), 
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and trifiupromazine (Vesprin, III, Rj— CF 3 ) (S3), Numerous cases 
of jaundice, agranulocytosis and extrapyramidal side effects have 
been reported (5i). Increase in potency has often been achieved at 
the expense of increased toxicity and comparative studies have 
been undertaken to determine which is the best drug of this class 
(55). The preparation of several of these phenothiazines and related 
compounds has been described (55). One related compound, 
chlorprothixen, x-2-chlorQ-9-(3'~dimethvlaminopropylidene)thio^ 
xanthon (Taractan, Truxol) has recently been introduced. Clinical 
reports state that it has marked antidepressant activity in addition 
to being a tranquilliser (87). Related thioxanthens and thioxanthon- 
5-oxideK have also been studied (88). 

The novel compound 7-chloro-2-methylamino-5-phenyl-3H-l,l- 
benzdiazepme-4-oxide hydrochloride (methaminodiazepoxide, 
Librium) (89) has interesting tranquillising properties which include 
specific anti-aggressive effects. Its unusual pharmacological 
properties (55), and preliminary clinical results (91) have been 
disclosed. Minor side effects have been noted (5.2). 

Favourable clinical results (93) have been obtained with another 
new chemical type of tranquilliser, 8-isobutyl-l, 2,3,4, 6,7-hexa- 
liyrlro-9,l<>-dimethoxy-2-oxobimz-(fl)-quinoliaine (tetrabenazinc, 
Xitoman, XII, R-f*Ri=0). It does not 
have ^ ie s ^ c e ^ cc ^ s °* reser pi ne (which 
it antagonises), probably because it acts 
solely on brain-amines and has little 
i P , V :h 2‘ chh *2 influence on peripheral physiological 
^ amines. In other respects it behaves like 

a short-acting reserpine (W). The pharma- 
cological properties of two related ^-substituted benzquinolizines 
in which K=OH and R 1= =Et and (CH 2 ) 2 CH(OMe)-CHg (XII) 
respectively have been reported (55). Analogues of reserpine and 
chemically simpler compounds based on its structure continue to 
be prepared and tested (55), Central nervous depressant activity 
was found in some indolvlethylpyridines, which potentiated the 
anaesthetic action of barbiturates and antagonised the effects of the 
amphetamine group of central nervous system stimulants. Clinical 
trials in agitated patients have been encouraging and side effects 
are few (97). Many carbamates related to meprobamate have been 
tested, Melander (98) examined a series of tertiary alcohols and 


esters and found 1-ethyl- l-methylpropyl carbamate (emyclatc, 
Nuncital) to be clinically twice as active as meprobamate (99). 
9-Hydroxy-2-phenylethyl carbamate (styramate, Sinaxar) (100) is 
also more depressant than meprobamate. 

Good clinical results (101) with few side effects have been claimed 
for l-m^aminophenyl-ij-pyridone (amphenidone, Dornwal), the 
pharmacological properties of which are also known (102), An 
anti-inflammatory compound, 3-phenylpropyl carbamate (pro- 
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formiphen, Gamaquil) has muscle-relaxant and tranquillising 
properties (103). 

Neuroplegic properties were exhibited by several amides and 
ureides of 2-alkylcrotonic acids (104) and also by some alkoxy- 
benzamides (105). A clinically effective amide which resembles 
meprobamate in its action is 2-ethyl-3-propylglycidamidc (oxana- 
mide, Ouiactin) (106). The synthesis of this and several closely 
related compounds has been described (107). Different chemical 
types for which sedative action is claimed include 2,2-disubstituted 
dioxans (103), 1,3-dioxolans and 1,3-dioxans (109), 2-oxazolines 
(110), benz-l,4-dioxans (111), 5,5-disubstituted-l > 3-oxazine-2,4- 
diones (112), oxazolidinediones (113), 5-arvloxymethyl-2-oxazol- 
idinones (114) and some guanamines (115). 

Central stimulants 

Interest in central stimulants has centred upon monoamine- 
oxidase inhibitors, mainly derivatives of hydrazine. The lirst of 
these was l-isonicotinyl-2-isopropylhydrazine (iproniazid, Mar- 
salid) , which aroused great clinical interest (116). Several similar 
compounds which have since been used clinically are: 2-phcnvl- 
ethylhydrazine (phenelzine, Nardil) (117), 2-phenylisopropylhvdra- 
zine (JB516, Catron, Cavodil) {118), l-benzyl-2-(5-methyl-3- 
isoxazolylcarbonyl) hydrazine (isocarboxazid, Marplan) (119) and 
l-isonicotinyl-2*(3-benzylcarbamvlethyl)hvdrazine (nialamide, 
Niamid) (120). The clinical effects and pharmacological side effects 
of these and related hydrazines have been summarised (121). 
Non-hydrazine stimulants which inhibit monoamine-oxidase are 
frans-2-phenylcyclopropylamine hydrochloride (tranylcypromine, 
SKF385, Parnate), which has had a clinical trial (122), A'-benzyl- 
N-methyl-2-propynylamine hydrochloride (A 10,120) (123), har- 
maline (124) and x-ethyltrvptamine (Monase) (125). 

The compound *V-(3-dimethylaminopropyl)-iminodibenzyl 
(imipramine, Tofranil), which causes mood elevation by a depres- 
sant action on the central nervous system (126), is one of the most 
valuable drugs available for the treatment of depression. Much 
information is now available concerning its clinical effectiveness 
(127), pharmacology (128), metabolism (129), toxicology (130) and 
preparation (131), 

The clinical value of methyl phenyl- a-piperidylacetate (methyl- 
phenidate, Ritalin) in the treatment of depression has been 
challenged. It is said by some workers to be no better than a 
placebo (132), whilst others claim that it is a useful drug (13*3). The 
synthesis of dl- and the optical isomers of a-3-thiamorpholinyl- 
benzhydrol (134) and esters of 2-piperidylphcnylmethanol (135), 
which are related to methylphenidate and pipradrol (Meratran), 
has been described. Stimulant activitv lias been found in a series 
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of oxazolidincdiones (/36‘), amides of ^-a-mcthylphenylethylamine 
(137), diphenylmethylpseudothionreas (138), dialkylaminoalkyl 
derivatives of theophylline (139) and some 5,5-disubstituted bar- 
bituric acids (140). 

8-Aminomethyl derivatives of 7-hydroxy-chromones and 
-flavones were found to be powerful brain-stem stimulants similar 
in action to strychnine (141). Convulsant central nervous stimu- 
lation was also exhibited by some bicyclic sulphonium salts (142), 
l-isobornyl-5-alkyltetrazoles (143), monohalogenated derivatives 
of sulpholane (144) and 5,7-diphenyl-l,3-diaza-adamant-6-ol (1757 
I.S.) (145). 

Psychotomimetic agents 

This term is being used to group together drugs which mimic the 
psychoses and should be accepted with reservation until the 
relationship between a model and a real psychosis has been clarified 
(140). Psilocybin is a recent notable addition to this group of which 
the most familiar members are lysergic diethylamide (L.S.D.) and 
mescaline. Psilocybin, the psychotropic principle of the mushroom 
Psilocybe mexicana Heim, was isolated by Hofmann ei al. (147), 
who also determined and confirmed its structure by synthesis as 
the phosphoric ester of NX- d i m e t h v 1 -4 -hv d ro x y t r yp t a mi n e (148). 
Psilocin, the non-phosphorylated analogue of psilocybin, possesses 
similar pharmacological and psychotic properties. Other analogues 
have been prepared (149) and the history and pharmacology of 
psilocybin reviewed (150). Small doses of the drug produce changes 
in mood and in contact with the environment, while higher doses 
produce changes in orientation and cause development of psveho- 
sensorv phenomena. Delay ct al. (151) have reported a therapeutic 
effect in a compulsion neurosis, but clinically the drug is in its 
infancy. 

A number of substituted glycollic acid esters of .Y-alkyl-3- 
pi per idols having anticholinergic activity (152) have recently been 
demonstrated to possess psychotomimetic properties (153). A-Ethvl- 
■Tpipcridyi cvclopentylphenvlglycollate (JB329) was said to have 
clinical effects which simulated some aspects of psychosis more 
closely than L.S.D. or mescaline. l,2,3,4-Tetrahydro-5-amino- 
acridone (Tetrahydroaminacrin), a cholinesterase inhibitor, was an 
effective antidote to model psychoses induced by JB329 (154). 
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STEROID HORMONES (V. Petrow, Ph.D., D.Sc. t F.R.I.C.) 

The British Drug Houses Ltd. 

Last year attention was drawn to the American practice of omit- 
ting physical and/or physicochemical data characteristic of com- 
pounds which form the subject of product patents. A similar 
practice is now apparent in patents issued in this country. Ihus a 
recent specification emanating from abroad describes two examples 
of a method of preparation of steroidal products. No melting points 
or other physical characteristics arc given. The specific product 
claims, however, embrace no fewer than U> compounds and their 
functional derivatives. The danger to industrial interests inherent 
in this development is too self-evident to require comment. 

The most interesting advance in the year under review has 
undoubtedly been the application of free-radical reactions to the 
production of steroidal materials. Thus the Leo Company of 
Copenhagen, a newcomer to the steroid field, has described the 
application of a free-radical addition reaction to the preparation of 
the commercially important fi-methylated steroidal hormones (/). 
A 3-oxo- A 4 -steroid was converted into the 3-enol ether (I). 



(i) (n) On) 


-,Cp-..Cp 

hi 

(IV) (V) 

Reaction of the last compound with carbon tetrabromide in col- 
lidine led to 1,4-addition of Br and *C13r a with elimination of ethyl 
bromide and formation of the 6£-tribromomethyl ketone (Ill- 
Reaction with pyridine gave the dibromomethylene ketone (III), 
converted by catalytic hydrogenation into (IV) and thence by 
treatment with HA or OH~ into (V). The method was successfully 
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applied to the preparation of the potent progestational agent 
1 7 a-acetoxy-6 ot-methylprogesterone and to Gx-methylcortisone. 

Free-radical reactions have also been successfully applied to the 
preparation of aldosterone. 3a-Hydroxy-5a-prcgnane-3,2G-dione 
was converted into the 20-methylamino-derivative (VI; R— 
NHMe). The corresponding chlorimine (VI; R=NMeCl) underwent 





(x) 


the Locffler Frey tag reaction on irradiation to yield the 18,20- 
methylaminc (VII; R-- XMe-) transformed by conventional re- 
actions into aldosterone (VIII) (:?). A simpler route to (VIII) 
involved lead tetra-acetate oxidation of 3x-acetoxy-20x-hydroxv- 
. r )S-pregnan- 1 1-onc (VI; R--a-OH) to the 18, 2 0-epoxide (VII; 
R 0-) and thence to (VIII) ( 3 ). A combined Anglo-American 
team has described the direct conversion of corticosterone acetate 
1 1-nitrite (IX) into aldosterone acetate oxime (X) bv photolysis in 
benzene under nitrogen and thence bv reaction with XaXO„, acetic 
acid into (VIII) (-/). 

The search for new modifications of the steroidal structure has 
led to the preparation of GjMOa-progestcrone by the degradation 
of lumisterolj. The novel isomer of progesterone was converted into 
various Hji.lOx-analogucs of steroidal hormones, one of which, 
9[},]()a-prcgnu-'l ,Pw1iene-3,20-dione (XI). proved to be considerably 
inure potent as a progestational agent than the corresponding 
pregna-l,(vdiene-3,20-dione (XII) (*I) of ‘natural’ stereochemistry 
about C # and C !0 . The discovery of other highly active compounds 
unnatural’ stereochemistry about C 9 and C 10 may confidently 
be expected. 
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Work on a 17a-hydroxy-16amethylpregnan-20-one has 
unexpectedly led to the discovery of the 17a-hydroxy-16-methyl- 
enepregnan-20-one group of hormones (XV). The readily available 
16-methylpregn-16-cn-20-ones (XIII) were treated with hydrogen 

CO* COM* COM* 

£p~ 

Ofl) (XIV) (IV) 

peroxide under alkaline conditions, when the corresponding 
16a,17a-epoxides (XIV) were obtained. Reaction of these com- 
pounds with mineral acids led to smooth formation of the 17 a- 
hydroxy-16-methylenepregnan-20-one$ (XV) (6‘). Application of 
this reaction to several types of hormones has been described (see 
below). 

T nti-inflammatory steroids 

Study of the methylated and halogenated derivatives of pred- 
nisolone and 9x-fluoroprednisolone has continued. With the dis- 
covery of the potentiating effect upon anti-intlammatory activity 
of 6a- and 16a- (and 16!3-) methvlation. it was to be expected that 
the disubstituted 6x,16x-dimethylated corticoids would be pre- 
pared. This has now been achieved bv two different teams, and the 
products obtained (XVI; R-H or F, R'-Me, R":=-H,-Mc) 
have the expected high order of activity (7). The 6a-fluorinated 



derivative of triamcinolone (XVI; R^=R — F, R"— -H, -OH) (A) 
and of 9a-fluoro-16a-methylpredni>olone (XVI; Rrr R' — F, I<" 
-H, --Me) (9) have also been prepared by conventional methods, a> 
has the tix-mcthyl derivative of 16a-hydroxyprednisolone (XVI; 
R=H, R'— Me, R"— -H, --OH) {10). All these compounds con- 
siderably exceed prednisolone in anti-inflammatory activity and 
are reported to be without sodium-retaining properties. 

New mono-substituted derivatives of prednisolone (and its 
9a-fluoro derivative) which show promise include the 21 -methyl- 
(11), 16a-fluoro- (12), 163-fluoro- (IS) and 16-methylenc-deriva- 
tives (14). The 9a,ll?-dihalo- and, in particular, the 9a. 11? 
did i loro-steroid (XVII), although biologically less active than 
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prednisolone (IS) by the systemic route, is reported to show 
excellent topical activity in allergic skin conditions (16). A 21- 
deoxy-corticoid, 9a-fluoro-l 1 [i,17a-dihydroxy-6a-methylpregna- 
1,1 diene-3, 20-dione, is claimed to he a highly potent anti- 
inflammatory agent when applied topically (17). Not one of the 
known rorticoids, however, may be described as a pure anti- 
inflammatory substance. All of them show a whole spectrum of 
biological activities including undesirable inhibitory effects upon 
the adrenals, enhancement of infective processes, etc., so that the 
search for better compounds will continue. 

Proust udoiial a^cnis 

broadly speaking, the most important progestational types are 
those derived from progesterone (XVIII ; R-H), testosterone 
{XIX; K Mo. R' O, R" II) and 19-nortestosterune (XIX; 
K 11, K' (), K" II). 


21 

COMt OH 



(XYlll) (X«) 


Simple derivatives of progesterone which have been described 
during the past vear include bx.lbx-diniethylprugcsterone (7$) and 
its b-dehydro-derivative ( Hi) , L7a-bromu-fia-fluoroprogcsterone 
(20), tix-rhloro-17a-rhlnrn(brnmo)progesteronc (27), and 9x,ll|i- 
diehlnroprogesterone (22). These compounds, however, show only 
a fraction of the progestational activity of the substituted 17 a- 
acetoxy derivatives of progesterone (XVIII; R— OAc) such as 
ITx-acetoxy-fl-metlivl-Ji-dehvdroprogesterone (23), ITa-acetoxy- 
2I-fluoro-f>a-methvlprogesteroiie (27) and 17x-a< etoxy-fla-methyl- 
I fi-niethvleneprogcstcronc (25). 

Interest in 17a-substituted derivatives of testosterone has con- 
tinued, and 1 7 x-allvloost r- 1-en-l 7 ji-ol (XIX; R — H, R' — H 2 , R f — 
CH 2 CH:(TI.,) has been reported to show good progestational 
potency without concomitant androgeniritv (26'). 

By treating the ITx-substitutcri oestr-.-)(10)-en-3-one (XX) with 
bromine in pyridine solution, a new series of progestational agents 
(XXI) lias been obtained. Some of these, e.g. (XXI; R— C ;CH), 
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reduce fecundity in the rat (2/). The word 'claudogen' (derived 
from claudere=to halt) has been proposed for steroids with anti- 
fertility properties (23). 

The possibility that progestational agents may be effective 
against neoplasms was adumbrated some 25 years ago [Lipschutz 
(29)]. 17a-Acetoxy-9a-fiuoro-l 1 p-hydroxy-6a-methylpregna-l,4- 
diene-3, 20-dione has now' been found to be effective against a C3-H 
mammary adenocarcinoma in mice and against a testosterone 
propionate-resistant fibroadenoma in rats (30). Further develop- 
ments may be expected with confidence. 


.4 nabol ic 'a ndrogen ic age n ts 

Conversion of 17a-methyltestosterone into a series of enol ethers 
(XXII) and particularly into the cyclohexyl enol ether (XXII; 
R=C s H n ) has been reported. The latter compound is five times 
more active than the parent ketone as an androgenic/anabolic 
agent when administered by the oral route (37), but shows only 
slight activity on subcutaneous administration. 4-Hydroxy- 1 7a- 
methyltestosterone (XXIII) (32) and 3-acetnxy- 1 7 £J-hydroxy- 1 7 a 
methylandrosta-2,5-dien-3-one (XXIV) (33) represent other inter- 
esting compounds of this type. 



Other biologically active types 

The novel spirolactone (XXV) is reported to have marked anti- 
DOCA properties (34). IJa-Fluoro-DOCA, in contrast, exceeds 
deoxycorticosterone in sodium-retaining potency bv a factor of 
12 (&)■ 

Many substituted derivatives and analogues of the oestrogen*' 
have been examined for hvpocholesteremic activity (36) . 16,16- 
Difluoro-oestrone 3-methyl ether appears to be outstandingly 
active (37). 

The search for sedatives and tranquillisers of the steroid type has 
continued with moderate success (3H). The most important advan- 
tage that steroidal compounds may be expected to possess over 
heterocyclic drugs is a freedom from toxic effects on chronic 
administration. A major advance in this field would undoubtedly 
have wide repercussions. 

Pregnenolone derivatives containing basic substituents at C ubJ 
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have shown promise as coronary dilators (39) and cardiac anti- 
accelerating agents (40). The synthetic butenolide (XXVI), pre- 



pared by the action of dikctenc on deoxycorticosterone, appears to 
lie as active as digitoxin in the isolated rabbit heart preparation 

iw- . . 

Steroids with antifungal (72), antiandrogen ic (43) and anti- 
cortisone properties (77) have been obtained. 
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radiation protective agents 

(Peter Alexander, Ph.D., D.I.C.) 

Chester Beatty Research Institute , London 

In 1949, Barq & Herve (/) and Patt el al. (2) found that an 
injection of cyanide or cysteine respectively enabled a mouse to 
survive an otherwise lethal dose of X-rays. Since that time this 
subject has expanded rapidly and a bibliography of several hundred 
references could easily be compiled. Fortunately it is dealt with in 
great detail in two recent books (3, 4) to which the reader is referred 
for the literature. 

Several hundred substances are now known which reduce the 
biological damage from ionising radiations at all levels ranging 
from isolated cells to intact animals. For a substance to be called 
a protective agent it has to be effective if given before the irradia- 
tion (usually not more than 20 minutes before) ; measures that are 
taken after irradiation are not protection, but treatment. 

The protective agents are usually most effective against sparsely 
ionising radiations such as A- (and 7-) rays, and high-energy 
electrons. Radiations in which the energy is not deposited in a more 
or less random manner but as densely ionised tracks such as 
a-partides (or the protons from fast neutrons) can be protected 
against to a much smaller extent. The best way of expressing the 
extent of protection is as a dose reduction factor which is defined 
as dose required to produce a given effect (such as to kill one-half, 
Ll) 50 ) when the organism is protected, divided by the dose needed 
to produce the same result in an unprotected organism. 

Protective agents have generally been studied with mammals, 
and in a typical experiment 100% protection can be obtained; 
e.g., 800r of A'-ravs will kill ten out of ten mice (the actual dose 
depends to some extent on the strain used) within 15 days, but if 
the mice are given an injection of a good protective agent before 
irradiation all the animals will be alive several months afterwards. 
Ihe actual dose reduction factor required to obtain this result need 
however only be IT) since the dose response curve for killing by 
ionising radiations is verv steep, so that a dose of 550r would not 
kill any of these mice acutely (i.e., within 30 days). The most 
Elective of the protective agents give a dose reduction factor of 
up to 2-5 for mice, although their effectiveness is less in rats and 
dogs. The few experiments that have been performed with monkeys 
indicate that primates can be protected. To obtain a significant 
degree of protection, all the substances that have so far been dis- 
covered have to be given in amounts which come close to giving 
pharmacological side-effects. While the activity of the different 
s ubstan< cs when expressed as mg./kg. varies very greatly, these 
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differences are much smaller when their ‘therapeutic index’ is 
compared. 

The acute effects of radiation (such as death within 30 days) are 
the consequence of the killing of cells at critical sites such as the 
bone marrow and the intestine. Protection occurs by reducing the 
fraction of cells that are killed by the radiation. Experiments with 
micro-organisms and insects have shown that chemical protection 
against some of the genetic effects (e.g., induction of mutations) is 
also possible. There is, however, no clear-cut evidence that the 
same chemicals protect irradiated mammals against the late 
somatic effects such as the induction of cancers, leukaemia and 
cataracts, or the shortening of life span. 

The most active protectors are compounds which contain a 
sulphydryl group and a basic group (amino or guanidino) separated 
by not more than three carbon atoms, i.e., SH-C-C-Xc. Cysteine 
and glutathione, but not homocysteine, are amongst the best 
protectors. Loss of the carboxyl function greatly raises the activity 
(i.e., lowers the dose needed) and evsteamine, SH-CH 2 -CH 2 'XII 2 , 
has become the parent substance of a large group of active 
substances. Of particular interest is aminoethylthiourca (AET), 
which rearranges rapidly under physiological conditions to give 
the highly active substance, mcrcaptocthvlguanidine (MEG). 

XH 2 -C(:NH)‘S-CH 2 -CHvNH 2 NH,-C(:XH)-NH(Ti 2 CH,-SII 

AET MEG 

Amongst other sulphur-containing compounds, ammonium di- 
thiocarbamate and alkyl derivatives (e.g., A’A’-dietliylditliiocarba- 
mate) are highly active. Substitution on the sulphur atom led to loss 
of protective action. Cvstamine (XH 2 -CH 2 -CH 2 S’S CH.,-CH 2 -XH 2 ) 
is particularly useful in mice since it protects even one hour after 
its administration, while evsteamnv is virtually ineffective half 
an hour after injection. A moderate degree of protection is obtained 
with anaesthetics, tranquillisers and pharmacologically active 
amines such as histamines, all of which are believed to protect by 
reducing the oxygen tension in animals. Serotonin (5-hydroxy- 
tryptamine) protects very well, but the evidence is conflicting 
whether anoxia is involved. Cyanide and nitriles protect some 
animals but not others and they may work by anoxia, although 
this has not been definitely proved. Alcohols can give a small 
degree of protection in mammals, but they protect bacteria 
extremely well. 

Many investigations into the mechanism of action of the most 
effective substances (i.e., those containing SH groups) have been 
carried out, but the question is still unanswered. Depletion of 
oxygen has sometimes been noted in protected animals, but this 
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cannot in general explain their effectiveness. Since protectors have 
to be present during the irradiation, it seems likely that they 
function by reacting with the short-lived radiation-induced 
radicals (either from water or from organic substances) which 
initiate the chain of events that leads to cell death. But the exact 
nature of the primary chemical processes in radiobiology is not 
known and discussion of the chemical reactions involved in pro- 
tection arc therefore highly speculative. 
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NEWER TECHNIQUES OF PURIFICATION 

(S. M. Partridge, M.A., Ph.D., F.R.I.C.) 

Low Temperature Research Station, Cambridge 

Isolation and purification of proteins and other charged substances of 

high molecular weight 

Following the remarkable success of ion-exchange techniques as 
tools for the separation of small organic ions, it was natural to 
expect that a concerted attack would be made on the problem of 
extending their use to the potentially more important held of bio- 
logical macromolecules. There were, however, a number of diffi- 
culties in doing this. Ion-exchange resins depend for their success 
on the rapid diffusion of the organic ions into and out of the 
particles of resin gel. This rate of diffusion rnav be influenced by 
variations in temperature, particle size, on the degree of cross- 
linking of the resin substance, but even with a very lightly rross- 
linked resin there is a precise limit to molecular size above which 
a solute can no longer penetrate. 

It is clear, therefore, that if maeromolecular substances are to be 
separated, the process of adsorption and desorption must be carried 
on at the surface of the resin particles, and if any multi-plate or 
chromatographic process is to be attempted desorption must be 
rapid and complete. Generally the ion-exchange resins, having bead 
form or smooth- fractured surfaces, present only a small surface 
area to contact with the solute and the adsorption of macro- 
molecules by such resins is usually too small to be of value in 
technical separations. A first step in the solution of the problem 
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was taken when it was found that the resin Amberlitc IRC-50 
exhibited a high reversible capacity for proteins. This resin is a 
carboxylic cation-exchanger based on polymethacrylic acid and 
probably owes its high absorption capacity for macromolecules to 
the extensively sintered surface of the particles. With finely 
powdered IRC-50, the basic proteins cytochrome c (1), lysozyme 
(2) and ribonuclease (5) were eluted from columns as very sharp 
peaks by buffer solutions in the range pH 7-8 and were recovered 
quantitatively. 

The same resin has since been used for technical-scale purification 
of large basic peptides and for some basic proteins which resist 
denaturation on surfaces, but since the lower limit of dissociation 
of the resin carboxyl group is about pH 5-5 the range of application 
of the resin as a true ion-exchanger is limited. The unexpected 
observation was made (4), however, that, unlike the amino- acids, 
many neutral proteins were adsorbed by the resin below pH 6 when 
the resin carboxyl groups are largely undissociated. This effect 
could be used to extend the range of application to neutral proteins 
such as the haemoglobins (4, 5) but conditions were not found for 
the reversible adsorption of acidic proteins. 

It is usually found that, when dealing with proteins or other 
biological macromolecules, the separation procedures are very 
critically dependent upon control of pH and ionic strength of the 
buffer solutions. A serious disadvantage in the use of polymeth- 
acrylic acid resins lies in their high exchange capacity fur inorganic 
ions. This results in a high buffering capacity and corresponding 
difficulties in pH control when using a succession of buffers for 
elution. In an attempt to avoid this difficulty, and to extend the 
range of application to acidic proteins, Boardinan (0) studied a 
resin made by coating the surface of a diatomaceous earth with a 
thin layer of sulphonated polystyrene (7). This offered a large 
surface with negligible buffering capacity and the resin was success- 
fully used for the purification of insulin (#). 

Use of ion-exchange reagents based on cellulose 

A new approach to the problem was made when in 11)50 Peterson 
& Sober (5) introduced ion-exchange reagents based on cellulose. 
The hydroxyl groups of cellulose may be substituted by a variety 
of radicles with an acidic or basic function and the degree ol 
substitution may be controlled within fairly wide limits. It was 
found that ion-exchange reagents which possessed a high capacity 
for macromolecular ions could be made by substituting only a few 
of the available hydroxyl groups, and because of the low degree of 
substitution the reagents have a low buffering capacity. A sample 
of diethylaminoethyl (DEAE)-cellulose had an exchange capacity 
for inorganic anions of only 1 mequiv. per g. but adsorbed 75% of 
its own weight of bovine serum albumin at pH 7 from solution in 
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0-01 m phosphate buffer. Carboxymethyl (CM)-cellulose had a 
similarly low exchange capacity for inorganic cations and adsorbed 
its own weight of haemoglobin from dilute phosphate buffer at 
pH fi'O. In both cases the protein could be recovered quantitatively 
by elution with a suitable buffer. 

From the moment of their introduction, the cellulose ion- 
exchangers began to show their value over a rapidly widening field 
of application. In analytical separations a chromatographic tech- 
nique using either a pH gradient or a concentration gradient was 
commonly employed and many elegant separations have been 
reported. Serum albumin {10) was fractionated on DEAE-cellulose 
with a gradient of decreasing pH and increasing salt concentration. 
Fractions containing solely ^-globulins, 7 -globulins or albumin 
were obtained, but certain other fractions were electrophoretically 
complex. Nitrogen recovery was substantially complete and useful 
separations were obtained with loads as high as 170 mg. per g. of 
adsorbent. 

The nucleic acids are families of closely related polyanions of 
very high molecular weight which have hitherto been difficult to 
separate and characterise. Successful fractionation of the native 
substances and products of mild degradation using ECTEOLA- 
cellulose has now been reported (72). Simple nucleotides have been 
separated and purified by the same reagent (12) and oligonucleo- 
tides have been successfully chromatographed with DEAE- 
cellulose (13). Similarly, the use of DEAE-cellulose for the isolation 
of proteolytic enzymes from pancreatic juice has proved valuable. 
With a column 70 cm. long and a concentration gradient of 
phosphate buffer at pH 8*0, eight anionic protein components were 
separated from one another (14). Six of these were identified as 
carboxypeptidasc-B, procarbuxvpeptidase-B, ehvmotrypsinogen- 
B, deoxyribonuclease and the two forms of procarboxypeptidase-A. 

These three examples may be sufficient to illustrate the high 
degree of resolution obtainable with cellulose ion-exchangers and 
the diverse classes of macromnlecular substances which have 
already yielded to their use. Other examples are given in the 
Supplementary Bibliography. 

Reparations on a larger scale 

In practical separations with macromolecular substances it is 
nften observed that a strictly chromatographic procedure is un- 
necessary and that good separations can he obtained by using the 
column simply as an adsorption filter. In this technique the mixture 
to be separated is applied to the column as a buffer solution from 
which it is freely adsorbed and the components are then displaced 
one at a time by washing with a scries of buffers of increasing 
eluting power. This observation is in apparent contradiction to all 
previous experience in the chromatography of small ions and arises 
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from the f all or nothing’ character of the distribution of macro- 
molecules between two phases. It can be shown from thermo- 
dynamic considerations (15) that in general when a macromolecular 
substance is distributed between two phases, a small change in the 
environmental pH or ionic strength will have a large effect on the 
distribution and thus, except within a critically narrow range, the 
solute tends to occupy one phase to the exclusion of the other. The 
narrow critical range is of course highly dependent on the properties 
of the solute and this effect can therefore be utilised for separation. 
This is a fortunate circumstance since the modified celluloses are 
fibrous in nature and are thus not ideal for packing long chromato- 
graphic columns. 

In new of the remarkable success uf the cellulose-based ion- 
exchange reagents in analytical work and small-scale preparations 
it may be anticipated that widespread development in technical 
applications will not be long delayed. We may expect that for 
large-scale work the column will be largely replaced by adsorptive 
filters of no great depth with a succession of eluents rather than a 
gradient. 

This technique is well illustrated by the experiments of Rhodes 
et til. ( 16) on the fractionation and purification <>f egg white pro- 
teins. In this work, ovomucoid, ovalbumin A 1 and A 2 . conalbumin, 
avidin, lvsozvme and several different unidentified globulins were 
separated directlv from egg white in a substantially pure state by 
stepwise elution from a column of carboxymethyl cellulose. Larger- 
scale preparations of individual proteins were carried out batch- 
wise bv stirring the exchanger (<Vo g. of CM-cellulose per g. of 
protein adsorbed) with a solution of the protein in buffer at a pH 
approximately b-5 unit more acid than the isoelectric point of the 
protein. The suspension was then filtered and washed, and the 
desired protein eluted by stirring with a buffer at a pH more 
alkaline than the isoelectric point of the protein. In this way crude 
preparations of 10-20 g. made by conventional salting-out methods 
could be obtained in a highly purified condition by a single batch 
process only. 

The concentration of dilute solution'' of proteins could also be 
carried out in the same wav. Tim> in one experiment with con- 
albumin a -fold concentration was obtained bv adsorbing the 
dilute solution in acetate buffer of pH a -5 on to ( M -cellulose and 
then eluting with phosphate buffer ol pH s*ii. 

It should finally be noted that hatch operations and operations 
with short columns have the advantage that they can be completed 
relatively quickly and therefore most separations can be carried 
out near room temperature with little risk of bacterial spoilage. 
Some degree of temperature control may still be necessary, how- 
ever, since it is known that the ionisation of the polar groups on 
cellulose ion-exchangers is remarkably sensitive to changes in 
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temperature and this affects the adsorption equilibria (7T). The 
properties of the cellulose reagents make them ideally suited to 
fluidisation techniques and there seems to be little doubt that 
very-large-scale purifications could be conducted by their use in 
batch processes occupying only a few hours and employing stan- 
dard equipment. 
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BIOLOGICAL PRODUCTS 




FATS AND FATTY OILS 

By MEMBERS OF THE OILS AND FATS GROUP 
(Convenor: H. JASPERSON, B.Sc., Ph.D., F.R.I.C.) 

As in last year’s Report, there is included a section on some 
selected aspect of fats not hitherto covered. 

In preparing a summary of present knowledge of ‘Lipids in 
Relation to Ruminant Nutrition’, it has not been possible to record 
all the available references to several of the topics discussed, 
especially those pertaining to earlier studies, the results of which 
have led to many of the current findings, although these arc ac- 
knowledged in the appropriate publications which are cited. 
Detailed discussion of the more biochemical aspects has been 
purposely avoided in an attempt to give a balanced account for the 
agricultural chemist and those concerned with the manufacture of 
feedingstuffs. 


SUPPLY OF OILSEEDS, OIL MILLING AND SOLVENT 

EXTRACTION (J. L. R. Pritchard, B.Sc., A.R.I.C.) 

World production of vegetable oils and oilseeds lias been reviewed 
by the Commonwealth Economic Committee ( 1 ) and Faure ( 2 ), 
who has included the production of marine oils and animal fats. 

Revised estimates of world production (2) for 1058 at 20**1 
million tons (metric) and for 1059 at 31*6 million tons show a 
surprisingly large increase. It must be explained, however, that 
most of the increase is due to the availability of detailed statistics 
of domestic production from the U.S.S.R. Final figures for 1960 
arc expected to show that increase in both production and exports 
has been maintained and must continue into the foreseeable future 
m keep pace with demand. 

In the U.K. the crush rose by 11% to 1.017,000 tons. The in- 
creased oil production was small but production of cake/meal rose 
hy 20%. This reflects increased processing of soya-bean at the 
expense of copra and palm kernels. 

The future pattern of the industry, both in the U.K. and Western 
bur ope, was discussed in detail at the recent Congress of the 
267 



268 REPORTS ON THE PROGRESS OF APPLIED CHEMISTRY 

International Association of Seedcrushers held in London (3). 
Concern was expressed at the development of seedcrushing in the 
seed-producing countries, the inherent trade restrictions, and the 
possible effect on product quality. Albeit there is a general agree- 
ment that expansion of the broiler industry will entail an increased 
seed throughput of low oil content seeds such as soya-beans, while 
the total oil output may decline. 

Oil milling and solvent extraction 

A nalyfical techniques 

The problem of residual solvent in extracted meals is being more 
extensively investigated in the U.K. {!) and the U.S. (*5). 

Gastrock has published some revealing information concerning 
present techniques, both qualitative and quantitative. Preliminary 
experiments are reported with a simple concentric-ring, copper cup 
dash-tester for which repeatable and reliable results are claimed 
for amounts as low as 0*03% of residual hexane. Interpretation of 
these results is nut such an easy matter. Hexane-extracted meal, 
for example, in a confined storage space and with total release of 
solvent will attain the lower explosive limit at 0*006% of residual 
solvent. Evidence is presented that part of the solvent is bound to 
the meal in some indefinable manner, dependent on the residual oil. 
This would raise the critical level. It is suggested that the method 
mav be sufficiently sensitive for plant control. 

The relativeiv new technique of gas chromatography has been 
applied to the problem of residual petrol in oils (6) and is to be 
extended to meals. At present the cost and need for a special 
operator would detract from its general application. 

Seed pretreatment and expelling 

Processing losses of material (oil- and moisture-free) have been 
previously correlated with the protein content of the seed and 
attributed to an intermolecular protein reaction with water 
elimination. Brawner (/j has summarised evidence on unaccount- 
able oil losses and shows a relation to the free fatty acids (f.f .a.) and 
oil contents of the seed. Losses in cooking and pressings are in- 
significant. An overall average loss of 13 lb. of oil/ton of cottonseed 
is calculated. Castillow (&), however, claims a lower loss of 2*8 lb. 
of oil/ton of cottonseed with French expellors. 

Useful practical information {0) for crushing cottonseed, copra, 
groundnuts, sesame and soya-beans includes details of seed 
preparation, cooking and expelling conditions. The trend in 
expelling {10} towards machines with larger capacity, fundament- 
ally unchanged but with modifications designed to speed up 
maintenance, continues with the introduction of a new screw press 
by the French Oil Machinery Co. This press will work up to 300 h.p. 
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and has an 88-in. -long barrel ; performance details will be of interest 
when available. 

Suech (11) has designed a special press for olives and groundnuts 
which paste up. The seed is rolled to a mass of dough-like con- 
sistency and conveyed on chains with serrated links which even- 
tually mesh like gear wheels. Modifications to standard expellors 
for special purposes such as drying wet polymers (12) and pressing 
cocoa beans (13) have been described. 


Solvent extraction technique 

In a balanced plant the limiting constraint on capacity should 
be the extraction rate of the material processed. Arnold (14) has 
pointed out that U.S. industrial hexane may range from 60% to 
90% hexane, and he has compared rates of extraction at 1 H)°f of 
cottonseed and soya-beans over this range of puritv. Cottonseed 
rates were unchanged but sova-beans were extracted more slowly 
with pure hexane, but pure hexane gave the oils with the best 
quality. 

Upgrading of castor bean meal may result from reported 
experiments (lii) on detoxification and de-allergenisation ; mean- 
while bench-scale data are now available (16) for direct extraction 
of the beans by filtration extraction. 

Cavan ugh (17) claims that addition of soda ash to cottonseed 
before extraction, followed by addition of soapstoek in the de- 
solventiser, renders the meal non-toxic. Clayton (7#) uses a similar 
principle in producing a meal of low free gossvpol content, while 
Fincher (7.9) uses soapstock or the calcium soap therefrom to 
facilitate the pelleting of extracted meals. 

Solvent extraction mechanics 

Reduction in capital cost and modifications designed to simplify 
maintenance are the main claims for two new extractors. The 
hrench plant is similar in principle to the Rotocel extractor but in 
this case the baskets are stationary and the feed spout, miscella 
sprays and meal offtake rotate. Klaw Knox have patented (20) 
a modified Rotoeel plant designed for smaller capacities and space 
limitations. 

Dual evaporation is now being used (10), which entails using 
desolventiscr vapours in the miscella evaporator giving a steam 
saving of 20% on hexane. Apparently the added investment due to 
additional evaporator and condenser capacity is only justified for 
larger plants of about ’>00 tnus/dav capacity. 

A De Smet desolvcntiser (L ; /) uses superheated solvent vapour 
mid live steam with the marc making a horizontal traverse of a 
Jacketed vessel on a band conveyor. 
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OIL PROCESSING (A, Crossley, B.Sc„ Ph.D., A.R.I.C.) 
Refining and allied processes 

Fckther improvements in methods of continuous neutralisation 
have been reported during the year and the scope of the process has 
been extended to include application to the nut oils. Doyle et ai. (1) 
have continued their series of publications on the application of the 
centrifugal ‘rotating contactor’ to continuous oil neutralisation, 
with particular reference to palm kernel and soya-bean oils. The 
continuous neutralisation of crude coconut oil in a pressure system 
is described by Sullivan (7). In refining oils rich in laurie acid, the 
mixing time with alkali should be very low and air-entrainment, 
which leads to the formation of stable emulsions, should be 
eliminated; these conditions are fulfilled in the ‘short-contact’ 
sealed system described. The refining loss during the process lias 
been related to the type of soap phase formed and the refining 
conditions necessary to obtain the correct phase have been defined 
to give a ‘laurie acid relining zone' in the phase diagram. A 
practical account is given bv Sikes (3) of the various methods 
which can be used to neutralise cottonseed oil at a mill where the 
oil is obtained by solvent-extraction. Miscellar refining is compared 
with several of the more normal continuous-refining methods on a 
cost basis. 

Several improvements in neutralisation technique are described. 
I he concentration anti amount of added alkali may be adjusted to 
obtain a soap stock which has a moisture content not exceeding l*f> 
times the soap content (•/); the soap stock obtained in this way is 
granular and can readilv be removed in a centrifuge. Improved 
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yields in soda-ash refining are claimed by removal of carbon 
dioxide under vacuum (5). 

Chotidhury & Arnold (6‘) have developed a simple method for 
determination of oil loss, suitable for factory application. Pardun 
& Werber (?) have compared losses determined by laboratory 
methods with those on the production scale, and emphasise the 
influence of phosphatide on the laboratory determinations. 

A study has been made at the Tropical Products Research 
Institute (8) of the bleachability of Nigerian palm oil. It was 
concluded that the main factor influencing the colour of refined oil 
is oxidation by lipoxidases prior to extraction, although iron- 
catalysed atmospheric oxidation can further influence the effective- 
ness of bleaching. The mixing of oils of good and poor bleaching 
properties may lead to a final oil of poor bleachability. It is sug- 
gested that the extent of deterioration of an oil depends also on its 
carotene content, the oils with a high content giving poorer colours. 

Xaudet & Drap (9) have discussed the theoretical aspects of 
decolorisatinn with bleaching earths and have made a study of the 
effect of variations in the bleaching process on the colour of ground- 
nut oil (70). A study of oil retention on bleaching earths (11) has 
shown a fairly consistent inverse relationship between apparent 
bulk density and oil retention, both in laboratory and plant-scale 
experiments. 

Two new types of deodoriser have been described in patents from 
the Armour Co. ( 12 j and the de Smet Co. [IS). These differ in design 
but are both constructed t<» give the maximum contact of oil with 
steam in a thin film or spray. 

Hydrogenation 

A considerable amount of valuable laboratory work has been 
carried out in the last year on the mechanism of various types of 
hydrogenation. Hydrogenation in solvent has been investigated for 
cottonseed oil by Albright et al. (14) and for methyl oleate by 
Cousins & Feuge (Jo), and has been patented both as a batch 
process (16) and as a continuous process combined with distillation 
of the solvent (17). Insufficient data are available for any general 
conclusions to be drawn, but certain specific facts emerge. For 
cottonseed oil hydrogenated under realistic factory conditions with 
a commercial Rufert flake catalyst at 115-140° the presence of 
solvent has comparatively little effect on selectivity, extent of 
trans isomerism or rate of hydrogenation, although the dependence 
of rate on hydrogenation temperature, which determines the 
optimum working temperature, is somewhat affected. On the other 
hand Cousins 8c Feuge find that the rate of hydrogenation of methyl 
oleate with a palladium/charcoal or Raney nickel catalyst at W 0 
is greatly increased in the presence of solvent; with the nickel 
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catalyst the solvent reduced the extent of both trans and positional 
isomerism, but with palladium, which strongly promoted iso- 
merism, solvent had no effect. 

Zajcew (18) has made a practical investigation of the hydro- 
genation of various oils with a palladium/charcoal catalyst. This 
catalyst is extremely active, usually selective, and the trans content 
of the hardened product can be regulated by control of the hydro- 
genation conditions. He concludes that commercial application is 
promising and describes the pilot-plant preparation of a shortening 
with low /rrws-acid content. In pilot-plant experiments I g. of 5% 
palladium on charcoal was used to hydrogenate 18 kg. of soya-bean 
or cottonseed oil. 

Temperature has been shown (19) to be the main factor affecting 
the isomerisation of the double bond during hydrogenation of 
methyl oleate. As the temperature increased from 90 to 200°, the 
proportion of double bonds remaining in the original position fell 
from 74 to 17% for a hydrogenated product of similar unsaturation. 
The use of palladium led to even greater double-bond migration 
but sulphur poisoning of the catalyst had little effect. The pro- 
portion of trans double bonds increased with increasing migration 
of the double bond but the effect was not proportional. 

The hydrogenation is described (20) of fatty acids in the vapour 
phase with a fluidised bed catalyst. Unlike liquid-phase or fixed- 
bed hydrogenation, the reaction proceeds rapidly at reduced 
pressures ami comparatively low temperatures. The process is 
suitable for continuous operation. 

Margarine, shortenings, etc, 

A number of modified fats have been described which contain 
varying amounts of short-chain acids. These are prepared either 
by inter-esterification of natural fats with short-chain glycerides 
or bv re-esterificution of fattv acids with glwerol. The modified 
fats have an increased plasticity range and can be used according 
to composition in margarine, mayonnaise or in salad oils. In typical 
patents (27), coconut oil or hardened coconut oil is inter-esterified 
with 5 to 30% of the triglyceride esters of fatty acids with 6, 8 or 
10 carbon atoms, and with 5 to 30% of tripalmitin or tristearin. 
An oil suggested for use as a salad oil or for medicinal purposes is 
prepared entirely from short-chain components, mainly eaprylic 
;| cid (2/A). Improvements in consistency and in cake-making 
properties of lard arc said to result from random intcr-csterification 
(22a), and the production of a butterfat substitute is claimed by 
mter-estcrification of lard and coconut oil (22b). An inter- 
csteri lication process is described by E. F. Drew & Co. (21c) in 
jvhich coconut oil and higher fatty acids are inter-esterified in a 
heated reaction vessel; lower fatty acids distil from the column 
during the reaction. 
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Free-flowing powders with a high fat content are described. The 
powders are produced bv spray-drying or by extruding into a 
precipitating solution. In one case a free-flowing, high-protein 
dietary supplement containing 30-40% of fat is claimed (23), and 
tn a second patent (24) the powder is obtained by spraying an 
aqueous emulsion containing a polyuronide and contains 95% of 
hydrogenated groundnut oil. 

Many patents have appeared recently on the production uf 
sharp-melting confectioner’s fats or cocoa butter substitutes. One 
type of product is prepared by solvent fractionation of natural fats 
such as lard, tallow, palm oil or shea butter, usually from acetone 
(24b). Alternatively the starting material may be hydrogenated 
before or after the fractionation to give a product of the required 
melting point with an increased yield (2*5). A second type of 
substitute, rich in lauric acid, may be prepared by re-esterifving 
the required fatty acid mixture rich in lauric acid with glycerol (26) 
or by hydrogenating nut oils and inter-esterifying the product (27) 
which may then be fractionated from solvent (2#). 

An interesting process for producing a butter substitute is 
described by Duin & Schoop (29). A heat-stable oil-in-water 
emulsion of an oil is prepared in the presence of an emulsifier. A 
part of the dispersed phase is allowed to solidify and partial phase 
inversion is effected by mechanical working. The nature of the 
emulsifier is very important in this process and one suggested as 
particularly effective is sodium .V-stearovlsarcosine. 

In a paper by Hoerr (39) the general performance of shortenings, 
and particularly the effect of incorporation of air, has been cor- 
related with the crystal and polymorphic forms present. On the 
basis of this information the most satisfactory raw materials and 
optimum processing conditions for shortening manufacture are 
discussed. 
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ANALYTICAL METHODS (N. W. Hanson, B.Sc., Ph.D., 
F.R.I.C.) 

Advances in analytical methods continue to comprise the reiinc- 
ment of existing techniques and the application of new ones, rather 
than the development of new methods specifically for oils and fats. 
Signal advances would therefore appear to depend upon the intro- 
duction of radically new general techniques such as that of gas, 
liquid chromatography. The greatly increased resolving power 
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conferred by applications of recent techniques is enabling analysts 
to pay more attention to such problems as the adulteration, the 
development of oxidative breakdown products and the detection 
and determination of very minor constituents of oils and fats. 
Increasing attention is also being paid to artefact formation during 
the course of analysis, and milder methods are being sought in 
attempts to overcome this. 

Spectroscopic methods 

Further studies have proceeded on ultra-violet spectrophoto- 
metry after isomerisation of non -conjugated to conjugated un- 
saturation in fatty acids by means of potassium t-butoxide in 
t-butanol (see Reports for 1057, p. 284, and 1958, p. 312). White & 
Quackenbush (./) found that during isomerisation the absorptivity 
values at 233 and 268 reached a maximum, after which they 
decreased with time. They described a simple procedure for isomer- 
isation with the alkoxide in a reagent bottle at 60° for 20 h., the 
results being in good agreement with those obtained by KOH in 
glycol (A.O.C.S. method Cd 7-58). The 1958-59 Report of the 
AO.C.S. Spectroscopy Committee (2) states that the tentative 
method for the direct determination of trans acids by infra-red 
absorption is not satisfactory and recommends further work. Acids 
can, of course, be successfully analysed by first converting them to 
their methyl esters, and the Committee recommended a tentative 
method of infra-red absorption at 10*3 p for isolated frrt ns-isomers. 
Cleverlcy (3) has overcome difficulties arising from spectral inter- 
ference in the infra-red determination of unconjugated trans 
nnsaturation by a compensation method that separates graphically 
the overlapping bands around 965 cm. 1 The influence of molecular 
structure on the infra-red absorption method for trans - isomers has 
been demonstrated by Kaufmann and others (•/), who showed that 
structural effects in certain glycerides led to appreciable positive 
errors. The glycerides should therefore be hydrolysed and the fatty 
acids converted to their methyl esters before infra-red examination. 
The near-infra-red region (see Reports for 1958, p. 313, and 1959, 
p. 1.55) has been used by Kenton & Crisler (5) for determining the 
cis unsaturation (absorption at 2-143^) in refined and hydro- 
genated oils and in finished shortenings. The method is applicable 
to cis polyenes as well as cis monoenes, and to mixed esters and 
fatty acids, and allowance can be made for the effect of trans 
fatty acids. 


Chromatography 

In the gas-liquid chromatography of fatty acid methyl esters it 
has been usual to refer the relative retention times of the com- 
ponents to a known component. Woodford & van Gent (6) have 



278 


REPORTS ON Till- PROC.KKSS OF APPI.IEO CHEMISTRY 


presented the elution sequence by plotting the retention times of 
the saturated straight chain esters against chain length on a semi- 
logarithmic scale. The value corresponding to the retention time of 
any other peak then gave the chain length (‘carbon number’) of 
the hypothetical saturated straight-chain ester that would be 
eluted at that point. The carbon numbers for saturated straight- 
chain esters were integral, whereas those for branched chain and 
unsaturated esters were non-integral. The carbon number was 
characteristic of a particular ester on a particular stationary phase. 

When investigating mixtures of several components by gas 
liquid chromatography it may be necessary to use additional 
identification methods to the retention value or retention time, 
and Hallgren et al (?) have applied mass spectrometric methods to 
fi actions collected from the gas chromatography columns. In this 
way, complex mixtures of fatty acids present in butter and 
margarine could be analysed. Craig & Murty (S) determined the 
fatty acid compositions of vegetable oils and of two synthetic 
mixtures of methyl esters by gas chromatography, and also by 
calculation from standard methods (iodine values and spectral 
data), and found that the gas -liquid partition chromatography 
data were reliable to within one unit per cent. Standard methods 
gave lower values for linoleic acid and higher values for linolenir 
acid than did gas-liquid partition chromatography, and this 
deviation was particularly evident when a high proportion of 
linolenic acid was present (e.g., in the case of linseed oil). 

The thermal stabilitv of the polyesters used as stationary phase 
could be improved by using the succinates of 1 ,-1-butanediol or 
ethylene glycol rather than those of diethylene glycol. 

Hornstein d al. (9) concentrated the naturally occurring free 
fattv acids in cooked and cured meats by adsorbing them from 
light petroleum solution on to an anion-exchange resin stirred with 
the solution. The adsorbed acids were converted to their methyl 
esters directly on the resin with anhydrous methanolic hydro- 
chloric acid, the methyl esters extracted with light petroleum 
ether and analysed by gas chromatography on ‘Chromosorb’ mated 
with polv vinyl acetate. Quantitative determination was made with 
n-heptaderanoic arid as added internal standard. 

Various methods of preparing the methyl esters of fatty acids 
before chromatographic separation are in use, and the methauolvsis 
procedure with a large excess of alkali methoxide in absolute 
methanol has been shown by buddy et al. (10) to give substantially 
quantitative yields from cholcsteryl esters, phospholipids and 
glycerides. These authors used a silicic acid absorption column to 
separate the methyl esters from unsaponifiable matter and free 
fatty acids. A departure from the methyl ester technique has been 
described by Kibrick 6c Skupp (//), who synthesised l-bromo-2- 
chloroacetophenone, and prepared eight fatty acid esters with this 
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reagent. The melting points and absorptivitics of 2D 7 m jx of these 
esters were reported and the separation of the eight fatty acid 
esters by chromatography on a column of polyethylene and 'Celitc' 
and elution with various proportions of alcohol were presented. 

A type of adsorbent separation known as thin-layer chromato- 
graphv is being developed as an alternative to paper chromato- 
graphy for certain types of analysis. Thus, synthetic antioxidants 
can be satisfactorily chromatographed on a layer of silica gel 
containing a little gypsum and fixed to a glass plate or strip (12). 
Again. Mangold & Malins (13) found that thin layers of silicic acid 
nr alumina permit rapid fractionation of complex lipid mixtures 
according to the classes of compounds, and good separations arc 
obtained with much less material than is required with standard 
techniques of column chromatography. The spots were usually 
smaller and more distinct than those obtained in cellulose or glass- 
fibre paper chromatography. 

Paper chromatography continues to hold ail important place in 
the analysis of lipid mixtures. Its scope is being amplified by 
further treatment, c.g. by hydrogenation, acetylation, etc., of the 
constituents of spots thus separated, and rechromatographing after 
such treatment. Kaufmann and co-workers are making consider- 
able use of those methods, e.g. in analysis of critical fatty acid 
mix lures containing palmitolcic, myristic and linoleic acids, which 
have the same R P values (14). The fatty acid mixture was chromato- 
graphed on paper with the system undecane-acetic acid-aceto- 
nitrile. The spots were made visible by treatment with copper 
acetate to form the copper soaps; after removal of excess copper 
acetate and addition of dithio-oxamide (rubeanie acid), the brown 
spots could be evaluated photometrically or eluted with benzene 
and re-chromatographed. The spots containing the ’critical’ 
mixture were rc-chromatographed, the transferred acids hydro- 
genated and the resultant saturated acids (palmitic, myristic and 
stearic) were then separated chromatographically. Animal fats 
were analysed in this way, and the iodine and thiocyanogen values 
were calculated from the composition found; the results agreed 
with those determined on the original mixture. 

An interesting chemical method has been employed by Mdnnes 
el al. (75) for determining inonoglyccrides in terms of l heir con- 
stituent fatty acids. The monoglyceride mixture was mesylated 
with mesyl (methanesulphonyl) chloride, and the resulting dimesyl 
derivatives converted to the allvl esters of the constituent fatty 
acids by treatment with sodium iodide, both a- and jj-inono- 
glycerides were quantitatively converted to allyl esters by this 
procedure. The allyl esters wore then submitted to gas/liquid 
Partition chromatography; peak heights of C 8 — C l2 esters and 
peak areas of C 14 — C 18 esters were proportional to the weight 
concentration. fi-Monoglycerides in a mixture of a- and j3-isumers 
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could be determined separately after removal of the ooisomers by 
oxidation with periodic acid. 

Unsaturation 

A spectrophotometric method for determining oleic, linoleir and 
linolenic acids in fats and oils, depending on colour reactions of the 
esters and glycerides with ferric chloride or mercuric acetate, has 
been described by Rhodes (itf). The esters, if soluble, are treated 
directly with the reagent in the presence of glacial acetic acid and 
concentrated sulphuric acid or, if of low solubility, are partially 
transmethylated first. The mercury complexes that are formed 
with unsaturated fatty acids have been used (17) to augment the 
differences in solubility, so that countercurrent fractionation of the 
complexes can be used to separate sufficient of the test substances 
for structure analysis to be made. Mercury in the fractions is 
determined by the dithizone method. The less highly unsaturated 
fatty acids were separated in this way, depending upon the degree 
of unsaturation and chain length. 

Antioxidants 

As limited amounts of n-propyl, ii-octvl and n-dodecyl gallates 
are now permitted as antioxidants in certain foods, it has become 
desirable to evolve a rapid and reasonably accurate sorting test, 
and this has been done bv Cassidy & Fisher (18). The normal 
method for determining gallate was unsatisfactory in methanolir 
solution, but when the gallate solution was shaken with solid 
ammonium ferrous sulphate a clear and stable blue solution 
resulted. This solution obeyed Beer’s law, and extinction measured 
it 580 mp and multiplied by an appropriate factor gave the 
amount of gallate present. Berger et al. ( 19) have used reverse* 
phase partition chromatography to separate butylatcd hydroxy- 
anisole and gallate esters from fat. The gallate esters were deter- 
mined colorimetricaily after reaction with ferrous tartrate, and 
butylated hydroxyanisole after reaction with 2,6-dichloroquinone- 
chloroimide. Wurziger & Chandra (20) have pointed out that the 
colour reaction with 2,6-dichloroquinone-chloroiniide is not specili< 
for butylated hydroxyanisole, but the presence of the latter may 
be confirmed by means of its pink to red colour reaction with 
ethanolic potassium hydroxide. Gallates, nordihydroguaiareth' 
acid and butylated hydroxytoluene also give red colours with 
ethanolic potassium hydroxide solution, but the colour due to 
gallates rapidly changes to yellow-brown, that due to nordihydro- 
guaiaretic acid changes to yellow-brown on heating, and that due 
to butylated hydroxytoluene is ether-soluble. 

Methods for determining the stage of oxidation of oleiinie fats 
continue to be developed. Thus, Taufel & Zimmermann 
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applied hydroperoxide value, benzidine carbonyl value, and thio- 
barbituric acid malonaldehyde value for the analytical examination 
of the stage of oxidation reached. A new method for determining 
organic peroxides has been devised by Treibs (22), who used 
hydrazine hydrate, which in the presence of catalyst evolves 
nitrogen by reaction with peroxide, the nitrogen being measured 
volumetrically. The results were comparable with those by iodo- 
metric determination, but were not influenced by the presence of 
double bonds. 


General 

Radioactive reagents are now being used in the analysis of 
lipids. Mangold (23) converted free fatty acids to methyl esters 
with 14 C'diazomethane and acetvlated hydroxyl and amino groups 
with radioactive acetylation mixture. Chromatographic methods 
were used to separate the mixtures, and the components were 
identified and analysed by radioactive counts and photographic 
techniques. 
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AUTOXIDATION AND ANTIOXIDANTS (L. A. O’Neill, 
M.Sc., Ph.D.) 

Autoxidation 

No major advances in the elucidation of the mechanism <*1 
autoxidation of unsaturated fatty esters have been reported. 

The mixed autoxidation products of fatty esters undoubtedly 
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contain, in addition to simple hydroperoxides (which will oxidise 
Kl), a variety of other compounds of differing oxidising potential 
(e.g., compounds which will oxidise HI but not KI). Attempts have 
been made to follow these potentials polarographically, Kuta & 
Quackenbush (2) in this way obtained three reduction steps with 
autoxidised lard. 

The elucidation of the nature of the polymeric compounds 
formed on breakdown of the initially formed hydroperoxides is a 
particularly complex problem* Frankel et aL (2) have examined the 
dimers formed in the absence of oxygen from methyl linoleate and 
methyl oleate hydroperoxides at 210° (a temperature encountered 
in the deodorisation of vegetable oils). The inability of HI or 
catalytic hydrogenation to split the dimers suggested a OC linkage 
between the monomer units, and no evidence was found for a 
6- in em be red ring structure. 

Much attention continues to be paid to the nature of the volatile 
carbonyl compounds formed during the autoxidation of edible oils 
and fats, which are at least partly responsible for flavour deteriora- 
tion. Each unsaturated fatty acid may form several isomeric 
hydroperoxides on autoxidation and these may undergo scission at 
various points, giving a variety of low molecular carbonyl com- 
pounds. Thus, the hydroperoxides of linoleic acid, often the most 
readily oxidised acid in an edible oil, can give n-hexanal, n-deca- 
2,4-dienal and 2-octenal as main scission products, and all these 
compounds have been isolated. Other fatty acids will give other 
products, and breakdown of secondary oxidation products formed 
from the hydroperoxides can lead to a variety of compounds. 
Twenty-one carbonyl compounds found on autoxidation of olefinic 
frits have been listed by Taufel & Zimmermann (<3). 

Modern instrumental methods arc facilitating the analysis of 
these complex mixtures containing many trace components. A 
common procedure is to isolate the mixed carbonyl compounds in 
the form of a derivative and then to recover and separate the 
i ndi vidua 1 componen t s . 

A new technique known as ‘flash exchange gas-chromatography’ 
has been developed and used by Ralls (4) for the semi-quantitative 
determination of volatile carbonyl compounds responsible for 
vegetable flavours, and should be adaptable for the investigation 
(, f fat deterioration problems. In this method a derivative of the 
volatile compound, e.g., the 2,4-dinitrophcnylhydrazonc, is rapidly 
heated (250° for 10 sec.) with a suitable reagent, c.g. F a-keto- 
gluturic acid, and the products volatilised into the gas chromato- 
graphy unit and analysed. Methods for the regeneration of carbonyl 
compounds from 2,4-dinitrophenvlhydrazones without introducing 
odours which might interfere with organoleptic examination have 
been studied and the most suitable procedure found to be treat' 
roent with sulphuric acid (5). 
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Ion-exchange methods have also been used to separate the 
carbonyl compounds in fats (6). 

As indicated, an important degradative autoxidation product of 
edible oils is n-deca-2,4-dienal. Hoffman & Keppler (?) found in 
the volatile decomposition products of autnxidised palm oil and 
groundnut oil, two isomeric n-dcca-2, t-dienals. By gas chromato- 
graphic and infra-red analysis of these isomers, in comparison with 
synthetic products of known stereo-coniiguration, it was shown 
that there were the truns-cis and trans-trans - isomers in the pro- 
portion of about 28 : 72. 

The carbonyl compounds formed by autoxidation of ammonium 
linoleate have been examined, the compounds found, viz., n- 
hexanal, 2-octenal and n-deca-2, 4-dienal. being those given by the 
ester (8). 

Gaddis et at. (9) found that preheating of a rancid pork fat at 
165° changed both the nature and amount of steam-volatile mono- 
carbonyl compounds. Examination (10) of the distribution of 
volatile and non-volatile carbonyls in an oxidised lard showed that 
most of the carbonyl compounds were non-volatile or bound. 
Girard-T reagent enabled the isolation of <U° 0 of the total car- 
bonyls to be made, but only 4*4° 0 of the carbonyls were free, with 
1’4% of volatile monocarbonyls and 1-1 ° 0 nf volatile dicarbonyls. 

Malonic dialdchyde is another breakdown product considered to 
be formed during the autoxidation of fats and responsible for the 
colour reaction with thiobarbituric acid. Tarladgis (11) has studied 
the conditions for its determination. A procedure involving distil- 
lation of the (meat) fat in presence of water at pH 1-5 and treat- 
ment of the distillate with the reagent was found most satisfactory. 
In controlled oxidation experiments, it was shown that the maloni' 
dialdehvde was not a stable end-product, hut that its concentration 
passed through a maximum (12). 

The effect of refining treatments on the stability of oils has been 
examined: neutralisation and bleaching reduced, but deodorisation 
increased, the stability of olive oil (7-3). The flavour and oxidative 
stability of sova-bean oil have been shown (14) to be related to the 
degree of autoxidation of the oil prior to deodorisation. The non- 
volatile carbonvl compounds derived from the hydroperoxides 
during processing are believed, on the basis of parallel studies 
soya-bean oil methyl esters, to contribute to the flavour deteriora- 
tion. 

Increasing attention is being paid to the autoxidation of oils arid 
fats in aqueous emulsion systems, where significant difference in 
oxidation rates and antioxidant behaviour are observed, as com- 
pared with the dry material. 

Spetsig (7-5) in a comprehensive series of eight papers has studied 
the effect of pH, components present in the emulsion system, and 
antioxidants and synergists on the autoxidation of methyl Him- 
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leate. It was found that (i) the various components present in food 
and cosmetic emulsions could accelerate or retard oxidation, 
(ii) antioxidants, e.g. polyhydroxyphenols, could be extracted into 
the aqueous phase and lose their activity, (iii) the antioxidant 
activity of phenols or amines usually decreased at high pH and 
protection at pH > 9 was difficult, (iv) butylated hydroxyanisole 
(BHA) was one of the most active antioxidants in presence of 
water, (v) the action of synergists was specific for the system and 
varied appreciably with pH. 

Mabrouk & Dugan (16) examined the kinetics of autoxidation of 
methyl linoleate and linoJeic acid in aqueous emulsion. Sodium 
chloride was found to retard the autoxidation. The rate of autoxi- 
dation of the ester increased with pH but that of the acid showed a 
maximum at pH 5*5. 

Bishov ct al. (17) studied the autoxidation of fats in dried 
emulsion systems resembling those found in dehydrated foods; 
certain porphyrin compounds showed pronounced pro-oxidant 
activity; phospholipids retarded oxidation, but some of the 
common phenolic antioxidants were relatively ineffective. 

The behaviour of oxidation catalysts in emulsion and nen- 
aqueous systems lias been compared by Schuler ct al. (18). 

Antioxidants 

I he mechanism of action of antioxidants, even of the phenolic 
type, is not fully understood. Phenolic antioxidants arc believed to 
affect the chain-propagation step, becoming oxidised themselves 
in the process. ITicno ct al. (Iff) have studied the relation between 
the antioxidant activity of a wide range of phenols and their 
oxidation potentials predicted from calculated orbital energy data. 
They 

suggest that the rate-determining step of the inhibition 
involves an electron transfer from phenol to radicals. 

Antioxidants show some specificity of action and it is necessary 
to choose an antioxidant which is effective for a particular fat or 
( >il under the conditions to be encountered. Results illustrating this 
point have been obtained by Lea (20). who compared the activity 
of a range of antioxidants at 37° and iiO° for the methyl esters of 
cottonseed, linseed and cod liver oil fatty acids, with a trace of 
pre-uxidised ester as an oxidation starter. Whilst mono-t-butvl- 
quinol (MBQ) was always effective, the activities of the other 
compounds varied appreciably with the nature of the ester and to 
<l sm ^ller extent with the temperature. 

A comparison lias been made of the antioxygcnic activity (for 
Methyl oleate) of lecithin and its hydrolysis products. The anti- 
oxidant activity appeared to lie in the phosphoryl grouping (21). 

Following the observation that fatty acids often decrease the 
Htectivenoss of antioxidants, it has been found (22) that many oil- 
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soluble bases can act as synergists. Effects tended to be specific: 
primary, secondary and tertiary amines greatly increased the 
protection given to oils by ti-ethoxy-2,2,4-trimethyl-l,2'dihydro- 
quinoline (EMU), but on the other hand had no action wit)) 2,6-di- 
butyM-methoxyphenol (BHT). 

Tocopherol* 

Investigations on the structure, antioxidant action and analysis 
of the tocopherols continue. It was indicated in the last Report that 
^-tocopherol and ^-tocopherol were found to be not identical with 
5-methyl and 5,7-dimethyl tocols respectively, as previously 
thought, and the structural evidence has now been published by 
Green it al. (23). c-Tocopherol is now considered to be 2,5,8- 
trimethyl-2-(4,8,12-trimethyltrideca-3,7,ll-trienyl)chroman-6-ol. 
Natural ^-tocopherol from wheat bran appears to be a trisubsti- 
tuted derivative in the same series, but that occurring in rice is an 
authentic 5,7-dimethvl tocol. 

The mechanism of action of tocopherol (24), inversion effects 
(2*5), and stability to oxidation (20) and storage and heating (#<) 
have been studied. 

A report of a collaborative investigation on the determination of 
tocopherols in oils, food and feeding stuffs has now been published 
by the Analytical Methods Committee of the Society for Analytical 
Chemistrv (25). The analysis may require up to seven steps in- 
volving isolation of the tocopherols, separation into individual 
tocopherols by two-dimensional paper chromatography and 
spectrophotometric determination after treatment with a suitable 
reagent. A specific method for the spertrophotometric determina- 
tion of x-tocopherol has been described by Lambertsen (29). 
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FATTY ACIDS AND THEIR NATURAL AND SYNTHETIC 
DERIVATIVES (F. D. Gunstone, Ph.D., A.R.I.C.) 

Fatty acids 

The natural occurrence of a number of hitherto undcscribed adds 
has been reported during the year. Unsaturated C 20 (Zy*, 05%) and 
C 22 acids (U, 1%, and an unidentified acid, 10%) are present in 
Limnanthes douglasii seed oil (1), Additional details of dimorph- 
ecolic acid (9-hydroxyoctadeca-/raws-10,/raMS-12-dienoic) and of 
two related acids (9-hydroxyoctadeca-Zraw.s-lO, «s-12-dienoic and 
13-hydroxyoctadeca-cfs-9,ftti«s-l 1-dienoio acid) are now available 
(2). The seed oil of Asclepias syriaca contains ll-octadecenoic acid 
(15%) alongside the more familiar oleic and linoleic acids (X) and 
Kaufmann & Sud (4) have concluded that a-parinaric acid is either 
the 9c, lit, 13c, lot-, 9t, 11c, 13c, 15t-, or the 9t, Hr, 13t, 15c- 
octadecatetraenoic acid (t—Zrans, c— ci'.s). Additional sources of 
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epoxy acids are the seed oils of Clarkia riegans and Malope trifida , 
and several spores of plant rusts and other fungi (5). The toxic 
nature of Dichapetalmn taxicarium seeds, which make them of 
potential value as a rabbit poison, has been related to the presence 
of w-fluoro-oleic acid and another fluorine-containing saturated 
acid (6‘), In further work on menhaden body oil (see last year's 
Report), 23 acids, accounting for 95% of the unsaturated acids, 
have been structurally defined. Six of these are new: the A 7,10,13 
(0-2%), A fl,a (0-4%), A M2 (1-6%) and A 8 (l-4%)-C 16 acids, the 
A*’ 9 -C l8 acid (0-5%), and the A MU4 ' 17 ~C 20 acid (0*4%) (7). 

The ability to identify even complex mixtures of mono- and 
dibasic acids by gas-liquid chromatography is the basis of two new 
methods of structure determination. Murray (5) has shown that a 
branclied-chain acid of structure 

CH 3 *[CH 2 ] m *CHMe-[CH 2 ]„*C0 2 H 

(i) 

when oxidised with permanganate in acetone provides a series of 
branched chain acids (C»+„4.4— C W 4 4 ), a methyl ketone (C M+ s), and 
a series of normal acids (C W)+ i downwards) which clearly identify 
the acid (I). The secondary oxidation of saturated acids, which is 
an undesirable side-reaction of the oxidative degradation of un- 
saturated acids, is thus turned to good effect. Oxidation with 
chromic acid occurs preferentially at the tertiary carbon atom in 
structures of type (I) so there are fewer oxidative fragments to be 
identified (0). Certain difficulties in determining the structure of 
polyethenoid acids are overcome in a new procedure: the acid is 
only partially oxidised by performic acid and then hydrogenated 
to a mixture of saturated dihydroxv acids, which are degraded by 
von Rudloff oxidation to a series of mono- and dibasic acids. The 
chain lengths of the original acid and the position of each double 
bond are thus indicated (10). 

Papers have appeared on esteritication bv methanolysis, reaction 
with diazomethane, and reaction with 2,2-dimethoxypropane (22), 
the emphasis being on rapid methods for small-scale working. 
Brandner <Sc Birkmeier (12) concluded that the primary hydroxyl 
groups of glycerol are esterified more readily than the secondary 
hydroxyl groups by a factor of 2-3 at 200° and 6-10 at room 
temperature. The esterification of oleic acid catalysed by certain 
divalent metal salts has also been studied (13). 

Weedon et al. (14) studied the fission of (a) monoethylenic acids, 
(&) diethylenic and acetylenic acids, and (c) keto- and hydroxy- 
acids, by reaction with molten potassium hydroxide. Mono-olefinic 
acids give, first a mixture of isomers by reversible migration of the 
double bond in both directions along the chain, and finally a high 
VJcId of the saturated acid having two fewer carbon atoms (Varren- 
tra PP reaction). I.inoleic and stearolic acids both give myristic acid 
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as the major product. Hydroxy-acids are oxidised to keto-acids 
which are degraded to mono- and dicarboxylic acids by fission at 
each side of the carbonyl group; the reaction with 1‘2-hydroxy- 
stearic acid, 12-ketostearic acid, and ricinoleic acid is reported. 

Glycerides and waxes 

Detailed results of component acid analyses are not given but 
references are given in the Supplementary Bibliography. 

Wolff and his colleagues [15), in continuance of their search for 
new industrial oils, have examined 13 oils of high iodine value, 
16 species of Compositae, and a further 158 species from fi‘2 plant 
families. For each oil the iodine value, saponification value, 
refractive index, hydroxyl value, carbonyl value, epoxide value, 
percentage of saturated, mono-, di and tri-ethenoid acids, and 
anything unusual about the infra-red spectrum, are given. Oils of 
special interest are being examined further. 

The final word on the subject of glyceride structure is still 
unsaid. Kartha’s views have been criticised by Lakshminarayana 
& Rebello (26), who have made a critical study of oxidation 
methods in the determination of glyceride composition. Some of 
Kartha’s methods of calculation have also been criticised (17). 
Enzymic hydrolysis continues to attract attention : it has been used 
by Tattrie (IS) to determine the position of saturated and un- 
saturated fatty acids in egg lecithin, and Vander Wal (19) has 
discussed calculations based on lipase hydrolysis data. Desnuclle 
& Savary (20) consider that the structure of natural glycerides is 
not random, the position of the fatty acids depending on the chain 
length of the saturated acids and on the degree of unsaturation of 
the unsaturated acids. In vegetable oils saturated acids occur 
mainly at the 1- and 3-positions and unsaturated acids at the 
2-positions; in animal fats the distribution is less rigid, Enzymic 
hydrolysis studies of phospholipids have been re-assessed and new 
conclusions bring these compounds into line with triglycerides; 
saturated acids predominate at the 1 -position and unsaturated 
acids at the 2-position (21). 

Youngs (22) has proposed a new theory of glyceride structure 
which is said to give a random or modified restricted random dis- 
tribution and a predominance of specific positional isomers. 
Random attachment of fatty acid at each stage of glyceride 
synthesis is accompanied by intramolecular rearrangement to a 
preferred form at the 1,2-diglyceride level. The same author 
emphasises the need for further study of glyceride structure and it 
is good to be able to report attempts to separate triglycerides by 
paper chromatography (23) and by gas-liquid chromatography 
(24). and a procedure for the determination of fully saturated 
glyceride involving reaction of unsaturated glycerides with mer- 
captoacetic acid (25). 
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An investigation of sugar-cane wax has shown the presence of 
long-chain aldehydes, possibly present in polymeric form, along 
with hydrocarbons, alcohols and acids. There is no conclusive 
evidence for the presence of esters and some of the products 
obtained under normal saponification conditions arise from the 
aldehydes by the Cannizzaro reactions or by aldol condensation 
and subsequent dehydration (26). 

Derivatives of fats and fatty acids 

The increasing use of fats for the production of other chemicals 
has put a premium on pure acids, which arc often more satisfactory 
for this purpose than the crude natural mixtures; methods of 
isolating such acids more conveniently and more effectively are 
thus under continuous review. Oleic (27, 28), petroselinie (29, 30), 
linoleic (28, 31), linolcnic (28, 31, 32), arachidonic (31), erucic (30), 
ricinoleic (33), and mono-olefinic acids (34) have been isolated by 
various methods including urea adduct formation (27, 30), crystal- 
lisation (27, 29, 34), adsorption chromatography (28), and counter- 
current distribution (31, 33) . The conversion of erucic acid to the 
cyclic compounds exaltone and exaltolide, and of kamlolenic 
(iH-hydroxyelaeostearic) acid to exaltone and dihydrocivetone are 
typical of attempts to convert fatty acids into more valuable 
compounds (35). 

There is continued study of the properties of dibasic acids and 
their derivatives and of their preparation from fatty compounds 
by oxidation of unsaturatcd acids with ozone (36) or with oxygen 
in the presence of a cobalt salt as catalyst (3~), The substituted 
sebacic acid (H) is formed in good yield ((JO 70%) when thrco- or 
cry tliro-9, 1 0-dihydroxystearic acid is fused with alkali; the 9,10- 
diketo-acid gives a lower yield of the same product. Esters of (II) 
are too heat-sensitive to act us lubricants and the octyl side-chain 
renders them less effective as plasticisers than esters of sebacic acid. 
The 2-etliylhe xyl ester of (HI), derived from (II), shows promising 
lubricant properties (38). 

H 0 X -C R (OH) • (CH a ) 7 ‘CO 4 H HO£CHR’(CH a ),CO,H 

(II) “ (III) ^ 

R — CH 3 -(CH 2 ):- 

Current interest in castor oil and ricinoleic acid is reflected in the 
number of publications concerned with these substances. The 
topics covered include the isolation of ricinoleic acid (3*7), the 
preparation and properties of ricinoleoylmorpholine and related 
compounds (39), urethane coatings based on castor nil (40), and 
the pyrolysis (41), oxidation (42) and alkali-fission of ricinoleic 
acid (43). 

Glycerides in which one or more long-chain acyl groups have 
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been replaced by acetic acid ( 44 ) or by dibasic acids such as succinic 
and adipic ( 45 ) continue to attract attention. Glycerides of dibasic 
acids provide a series of compounds ranging from hard high- 
melting waxes to non-crystallising viscous oils and it has been 
suggested that they might be used as coating materials in the food 
industry. Esters of carbohydrates have also been examined as 
potential surface-active agents: their polyoxyethylene derivatives 
have increased water solubility ( 46 ). 

Vinyl ethers of linseed and 'soya-bean alcohols and vinyl esters 
of keto-stearic acid have been prepared and examined ( 47 ). 
Elaeostearic acid or tung oil reacts as a diene with various di- 
enophiles (methyl vinyl ketone, divinvl sulphone, dimethyl 
maleate, methyl acrylate, and acrylonitrile) and the products, 
which have some interest as plasticisers, may be further modified 
by subsequent hydrogenation or epoxidation ( 48 ). 
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LIPIDS IN THE NUTRITION OF RUMINANTS 

(G. A. Garton, Ph.D M D.Sc.) 

Feed lipids 

Ruminants, both wild and domesticated, consume large quantities 
of herbage (largely grasses and other leaves) the lipid content of 
which is quite low although, on a dry matter basis, it usually 
amounts to 5-1 0° 0 . The lipids consist of glycerides together with 
smaller amounts of phospholipids, free fatty acids, sterols, waxes 
and hydrocarbons; fatty acids (free and combined) make up about 
50% of the total lipids. The fatty acid composition of the acetone- 
soluble Lipids (i.e., most of the total lipids) of pasture grasses was 
determined bv Shorland {!) and Jasperson & Burke (2) who showed 
that 75-80% of the total acids consisted of C lg unsaturated 
components, mainly linoleic and linolenic acids. The acetone- 
insoluble lipids (phospholipids) of cocksfoot grass were found by 
Smith & Chibnall (J) to be mainlv lecithins and cephalitis of which 
the major component fatty acids were linoleic, linolenic, palmitic 
and stearic acids. In a more recent studv (/) the fatty acids of the 
total lipids of mixed British pasture grasses were found to represent 
2*29% of the dry weight and to contain fil*3% of linolenic acid, 
1 3 * *2 0 0 of linoleic acid and 15’9% of palmitic acid, the remainder 
being made up of small amounts of mvristic, palmitoleir, stearic', 
oleic, arachidic and behenie acids. Only a very small proportion 
(3*3%) of the total fatty acids was present in triglyceride com- 
bination and free fattv acids accounted for 13*5% of the total; 
most of the total acids were derived from galactosyl glycerides, 
which were previously shown (5) to comprise about b0% of the 
acetone-soluble lipids of grasses and clover and which Benson 
ei al. (6) isolated from chloroplast lipids. 

Domesticated ruminants also consume the lipids of such feeds 
as hay, artificially-dried grass, silage and concentrates of both 
cereal and animal origin. The lipids of hay and dried grass will 
resemble those of fresh pasture, but it is possible that some changes 
may take place in the component unsaturated fatty acids during 
storage; in silages made from grass and legumes Ward & Allen (7) 
found that, on a dry matter basis, no loss of the linoleic and 
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linolenic acids present in the fresh material occurred. The lipid 
content o{ concentrates depends on their origin and, in some 
materials, on the extent to which processing (e.g., pressing, solvent- 
extraction) has removed lipid; many of the commonly used 
vegetable concentrates (e.g., maize meal, linseed meal, groundnut 
meal, oats, barley, wheat brail) contain glycerides rich in C 18 
unsaturated fatty acids. Details of the cther-cxtractablc lipid 
content of concentrates and other feedingstuffs are given by 
Evans (8). 

Although the proportion of lipid in most feeds is quite low, the 
amount of feed consumed is considerable, leading to the intake of 
about 500 g. of lipids per day by a cow at pasture and, under 
conditions of stall-feeding, pregnant and lactating cows may be 
given rations which provide up to 1 kg. of lipids daily. 

Digestion and absorption 

Due to the presence of the capacious rumen the process of 
digestion and absorption in the adult ruminant is continuous and 
post-prandial lipacmia cannot be demonstrated (.9, 10). After 
iodinated triglyceride had been fed to cows, the concentration of 
iodinated lipid in the blood reached a maximum in from 1 *5—2*0 
days and thereafter declined slowly to a very low value within 
5 days (11). 

Ingested feed is subjected to degradation and fermentation by 
the micro-organisms (bacteria and protozoa) which are present 
in vast numbers in the rumen. Carbohydrates yield, inter 
alia , volatile fatty acids (largely acetic, butyric and propionic 
acids) ; proteins can be hydrolysed, amino-acids deaminated, lipids 
hydrolysed and unsaturated fatty acids hydrogenated. Although 
the fate of lipids in the rumen has recently been described in detail 
(12, IS), it is pertinent to summarise some of the main findings 
here. 

When linseed nil was incubated with sheep rumen contents 
Reiser (14) found a decreased content of linolenic acid and an 
increased content of linolcic acid which was ascribed to bacterial 
hydrogenation. Reiser and his associates (15, 10) subsequently 
examined the depot fats and rumen lipids of steers and goats which 
had been fed on diets containing glycerides rich in C 1S unsaturated 
fatty acids (cottonseed oil, linseed oil). When compared with those 
from control animals not given the oils, the depot fats contained 
more stearic acid and less oleic acid and it was concluded that this 
was due to the absorption and deposition of stearic acid produced 
in the rumen by the bacterial hydrogenation of the dietary C 18 
unsaturated acids ; comparison of the iodine value of the total fatty 
ac *ds of the rumen contents with that of the fatty acids of the oils 
fed showed that extensive hydrogenation took place in the 
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rumen. Other studies on sheep (17, IS), in which the degree of 
unsaturation of iced lipids was compared with that of rumen lipids, 
confirmed these observations. Shorland d al. (10) incubated oleic, 
linoleic and linolenic acids singly with sheep rumen contents and 
found that about *20% of each acid was converted to stearic add 
and that trans isomers and positional isomers of the unsaturated 
acids were formed to a considerable extent, especially from linolenic 
acid. 

In all the foregoing studies the entire lipids of rumen contents 
were saponified before determination of the unsaturation of their 
component acids. To examine more fully the effect of the micro- 
organisms on esterified fatty acids, Gaiton d al. (IS) incubated 
linseed oil with sheep rumen contents and extracted the lipids 
without prior saponification. This resulted in the finding that 
lipolysis can take place, often leading to the liberation of almost 
all the esterified fatty acids of the oil. Phospholipids, also, were 
found to undergo hydrolysis when incubated with sheep rumen 
contents (20). Further studies [21, 22) with rumen contents taken 
from fistulated sheep and on the alimentary tract contents of 
slaughtered sheep showed that microbial lipolysis results in the 
pre-digestion of much of the feed lipids before the ingesta reach the 
small intestine — the site of lipid digestion in simple-stomached 
animals. It was found that hydrogenation can take place while 
unsaturated fatty acids are still present as glycerides, although 
apparently more readily after their hydrulvsis. Glycerol liberated 
during the hydrolysis is fermented, giving rise, inter aha, to 
volatile fatty acids, largely propionic acid {see also reference 2%), 
The micro-organisms responsible for hydrogenating double bonds 
have not been studied in detail, but Wright (24 . 2S) has shown that, 
in addition to bacteria, ciliate protozoa are probably involved. 
Bacteria which hydrolyse glycerides and ferment glycerol have 
recently been isolated from sheep rumen contents (20). 

Numerous reports refer to the digestibility of lipids in ruminants 
based on a comparison of the amount of ether-extractable matter 
in feed and faeces. This, at best, gives only an indication of the 
extent of absorption, since ether does not necessarily extract lipids 
quantitatively, non-lipids may be extracted and faecal lipids prob- 
ably include components derived from bacteria of the alimentary 
tract. However, a few recent examples may be cited; a value nf 
65*6% was reported (27) for the digestibility of grass lipids in cows 
and two -months-old calves, whilst for slightly older calves other 
workers (2S) found a value of 15*6%. Tor cows fed on hay and 
concentrates, Balch et al. (20) reported that 83% of the lipids were 
digestible. Triglycerides added to feeds are apparently well 
digested; thus tallow incorporated as 10% of ‘starter’ rations fur 
calves and lambs was 80% and 87% digestible respectively (SO) 
and more than 90% of the cottonseed oil, hydrogenated cottonseed 
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oil or castor oil included as 0% of the feed of sheep was absorbed 
(31). In young calves Brisson et al. (32) found that milk fat was 
almost completely digestible and about 90% of lard in ‘synthetic 
milk 1 could be digested. 

Apart from events in the rumen, very little is yet known 
regarding the fate of lipids in other parts of the ruminant ali- 
mentary tract. No lipolytic activity was found in the saliva of 
adult sheep (IS, 22) and, in the cow, lipase was not detected in 
abomasal (gastric) secretion (33) or in extracts of upper jejunum 
(34), although lipase is present in pancreatic juice (34 30). In the 
suckling ruminant, before the development of an active rumen, a 
lipase is present in the saliva (37, 38) and this probablv assists in 
the digestion of milk fat. 

Effect of feed lipids on the digestibility of other feed com- 
ponents 

Swift d al. (39) found that the digestibility for sheep of all 
constituents of a mixed feed was increased when maize oil was 
added to give a total of (i-1% ether- extractable matter in the feed, 
but that when the amount of supplementary maize oil was in- 
creased to give 9-7% of ether-extractable matter the digestibility 
of fill feed Components was less than with the basal feed, without 
added maize oil. An attempt (40) to determine the optimum level 
of total lipid in sheep diets was not successful: maize oil (3-8%) 
was substituted isoealorihcally for starch but the presence of the 
resulting two variables precluded an unequivocal interpretation of 
the results, Brooks et al. (41) gave sheep a diet containing 32 g. or 
fU g. of maize oil or lard daily and observed a very marked de- 
pression of cellulose and protein digestion; the effect was counter- 
acted by the addition of lucerne ash to the diet (41-44). The active 
constituent of the ash was found to be calcium (46 ) ; other elements, 
such as P, Mn, Mo, Co, Zn, Fe and B, were not effective. 

More recently Davison & Woods (46) carried out in vitro and 
in vivo experiments to study the effect of a range of individual 
fatty acids (C 2 -C ls ) and glycerol on the digestion of cellulose by 
sheep rumen bacteria. Whereas butyric acid, valeric acid and 
glycerol significantly increased cellulose digestion in vitro . the 
presence of any C R -C l8 saturated acid or unsaturated C 18 acid 
(oleic and linoleic acids) led to decreased digestion; acetic and 
caproic acids had no effect. When sheep were given diets containing 
of maize oil, stearic acid, oleic acid or mixed fatty acids or one 
containing 1% of lauric acid the digestibility of dry matter, 
organic matter and cellulose decreased, whilst that of ether- 
extractable matter increased; all diets, except that containing 
lauric acid, led to decreased digestibility of mineral matter (ash). 

It is known that free long-chain saturated fatty acids inhibit 
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bacterial growth (47, 48) and thus the effect in the rumen of fatty 
acids either fed as such or resulting from the bacterial hydrolysis 
of esteriiied fatty acids is probably related to their antimetabolic 
effect on cellulolytic bacteria. It seems likely that the mitigating 
effect of calcium is due to the formation of calcium soaps. Tillman 
<$: Bret hour (^9) reported that maize oil fed to wether lambs 
reduced the apparent and true digestibility of calcium and resulted 
in a decreased calcium retention. 


Feed lipids in relation to tissue lipids and milk lipids 

It is well known that the depot lipids (or ‘depot fats', as they arc 
more often called) of ruminants are very little affected by diet (as 
opposed to those of non-ruminants) even when large amounts of 
such triglycerides as maize oil, linseed oil, soya -bean oil or fish oils 
are administered (id. 10. 50-52). The fatty acid composition of the 
depot fats of ruminants and of non-ruminant herbivores has 
recently been discussed by Dahl {52) and Gartou (53). The out- 
standing characteristics of ruminant internal depot fats are their 
relatively high content of stearic acid and the absence or almost 
complete absence of polvethenoid components (linoleic and lin<>- 
lenic acids) which are found to a greater or lesser extent in the fats 
of non-ruminants which eat the same or similar food. The ‘stearic- 
rich' depot fats of ruminants probably result from the absorption 
and deposition of stearic acid produced in the rumen bv the 
hydrogenation of C 18 unsaturated fatty acids, although the pos- 
sibility that hydrogenation in situ of pre-formed oleo-glyeerides 
also takes place (54) is not excluded. It is of interest to note that 
before the development of an active rumen the voung calf can 
incorporate dietary polvethenoid fatty acids into its fat depots (55) 
and that the perinephric glycerides of newly-born calves contain 
less than 10% of stearic acid (o2). 

The effects of microbial hydrogenation of dietary unsaturated 
fatty acids in the rumen lead to the presence of appreciable 
amounts of positional and geometrical isomers appearing in depot 
fat (50-58) and butterfat (50, 00-02). In addition, ruminant depot 
fats and milk fat contain small amounts of higher fatty acids with 
an odd number of carbon atoms and acids with branchcd-chains. 
The former are almost certainly derived from the condensation of 
propionate (derived from rumen fermentation) with acetate units 
and the branched-chain acids from a similar condensation with 
acetate units of isobutyric, isovaleric and 2- methyl butyric acids 
produced in the rumen by the bacterial deamination and de- 
carboxylation of certain amino-acids (02, 03). Although the tri- 
glycerides of the blood plasma of cows resemble depot fat in fatty 
acid composition, the plasma cholesterol esters are rich in F 1S 
polyunsaturated fatty acids (04), showing that some of these acids 
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escape hydrogenation in the rumen to become esterificd with 
cholesterol during, or after, their intestinal absorption; further, 
cis-cis (‘seed fat*) linoleic acid has been identified in butterfat (65). 

It has been established within the last decade that the fatty 
acids of milk glycerides have a dual origin; saturated acids C 4 -C 1G 
can be synthesised de novo in the gland from acetate, while the 
remaining acids (largely oleic and stearic) are apparently derived 
from blood plasma lipids [for recent reviews of this topic see 
Glascock (6*6') and Garton (53)]. Before this was known, the in- 
fluence of dietary fat — and hence blood lipids — on the fatty acid 
composition of milk glycerides had been studied (67). Specific fatty 
acids in dietary triglycerides had some effect, e.g., coconut oil or 
palm kernel oil led to increased amounts of lauric and myristic 
acids in cow milk fat, rape oil gave rise to small quantities of erucic 
glycerides and feeding cod liver oil led to increased amounts of 
highly unsaturated C 20 -C 22 acids and decreased amounts of steam- 
volatile acids; results similar to those with cod liver oil were also 
obtained using whale oil (68). On the other hand, the daily feeding 
to cows of about 100 g. of groundnut, rape, soya-bean and linseed 
oils (rich in C 18 polyethenoid acids) did not lead to the appearance 
of enhanced amounts of these acids in milk fat (67), probably 
because of their hydrogenation in the rumen. In connexion with 
work on bloat control (vide infra), McDowall et al. (69) gave cows 
a twice-daily drench of 300 ml. of linseed oil, soya-bean oil or 
groundnut oil or 125 g. of emulsified tallow for 3 days; this treat- 
ment did not affect milk yield or the percentage fat and solids-not- 
fat content of the milk. Whereas the administration of tallow lias 
very little effect on butterfat composition, the feeding of the large 
amounts of oils was accompanied by increases of up to 10 units in 
the iodine value of the butterfat. 

The question of whether or not the amount of dietary fat can 
affect output of milk glycerides has been the subject of many 
investigations and controversial claims (7Y?). For example, in many 
experiments at Cornell (71), it was consistently found that in- 
creasing the lipid content of grain mixtures fed to dairy cows 
increased the production of 'fat-corrected' milk. Other workers 
[7f 73) did not observe a similar effect or did not observe it 
consistently (74). As a result of further experiments designed to 
resolve the apparent differences Loosli et al. (76) concluded that 
the non-lipid part of the ration could also affect milk fat output. 
More recently, Balch ct al (76, 77) have shown that not only does 
the amount and state of division of the roughage significantly 
affect production of milk fat, but the type of starch in concen- 
trates included in a diet low in fibre affects it too; diets with 
little hay and much flaked maize depressed milk fat output, an 
effect not observed when dredge corn was the source of starch 
(cf. reference 7.S 1 ). Under feeding conditions which result in a 



304 REPORTS ON’ THE PROGRESS OF APPLIED CHEMISTRY 


lowered output of milk fat. Ro ok (10) concluded that a diminished 
supply of acetate from the rumen to the mammary gland limited 
synthesis in the gland of the higher fatty acids which are normal 
components of milk fat glycerides. It is relevant to note that Smith 
& Dastur (SO) found that fasting caused a reduction of 24-2% in 
the molar proportion of C 4 -C u fatty acids in cow milk fat, while 
the C 18 fatty acids (mostly oleic and stearic) increased by 24*7%. 

It thus appears that the possible effect of any given diet on 
milk fat production must be considered in terms of all its com- 
ponents, but it seems that a certain minimum amount of dietary 
lipids is desirable. In one of the most recent investigations Dijkstra 
et al. {81) concluded that, for the dairy cow, a daily amount of 
300-400 g. of ‘crude lipids' from roughage and concentrates 
together is adequate for normal milk production. Nevertheless, 
there is scope for much further research on the possible relation- 
ships between dietary fatty acids, depot glycerides and milk 
glyceride formation. 

Lipids and physiological disorders 

Lipids appear to be a dietary necessity for the young ruminant. 
Cunningham & Loosli (82) found that when 2-days-old lambs and 
kids were fed oil a fat-free synthetic milk they became dull and 
listless and muscular inco-ordination developed before death 
supervened within a few weeks ; control lambs given the same milk 
with the addition of 2% of lard survived successfully, as did kids 
which received the milk including 0*25% of lard or 0*3(3% of 
linoleic acid. When new-born calves were fed on a fat-free semi- 
synthetic milk, Lambert ct al. (#3) observed a marked retardation 
oi growth after 3 weeks, whilst after 8 weeks the animals developed 
diarrhoea and scalv dandruff and hair was lost from the back, 
shoulders and tail. These signs of lipid deficiency were prevented 
or recoverv was promoted by the addition of small amounts of 
butter oil, hydrogenated soya-bean oil plus lecithin, or a mixture 
of fatty acid methyl esters which included linolcatc. Linoleic acid 
is apparently a specific dietary requirement for the very young 
ruminant. No absolute need for dietary lipids has, as far as is 
known, been proved for any adult herbivore, although it should be 
mentioned that they act as a vehicle for fat-soluble vitamins and 
pro-vitamins, the importance of which in calf nutrition has been 
emphasised (84). 

It is generally agreed that excessive frothing of rumen contents 
which interferes with the normal elimination of gas is the cause of 
bloat (85) and that anti-foaming agents are effective in preventing 
this condition. Reid & Johns (86) successfully treated bloat in 
cattle fed on clover pasture in New Zealand by the administration 
of a wide variety of lipids which included arachis oil, linseed oil. 
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soya-bean oil, olive oil, whale oil, emulsified tallow, cream and 
lanolin; liquid paraffin, paraffin wax emulsion and vegetable 
turpentine were also effective, as also were certain detergents and 
other synthetic surface-active substances (&5). The spraying of 
pasture with arachis oil or tallow, such that a cow ingests 90-180 g. 
of the triglyceride daily, is a simple means of preventing bloat and 
it has been satisfactorily employed in both Australia and New 
Zealand. In the U.S.A. attention has been directed to dispersing 
suitable oils in the animals' drinking water and encouraging results 
in cattle and lambs were obtained with a commercial lard ‘deriva- 
tive’ (£7) and with soya-bean oil (&¥). Whether the degree of 
lipolysis of glycerides and the extent of hydrogenation of unsatura- 
ted fatty acids are related to the anti-foaming properties of some 
of the effective substances remains to be investigated. 

Muscular dystrophy in cattle, sheep and goats can be due to a 
variety of causes, amongst which is a dietary deficiency of vitamin 
E (80). The condition can be exacerbated by the inclusion in the 
diet of relatively small amounts of polyethenoid fatty acids such 
as are provided by rod liver oil (90) and linseed oil (91). It is note- 
worthy that Blaxter d al. (90) produced muscular dystrophy in 
calves which were given 28 g. of cod liver oil daily as a vitamin 
(A and D) supplement to a dried skim milk ration in accordance 
with the recommendations of the Ministry of Agriculture & 
Fisheries in the 1938 edition of the bulletin ‘Calf Rearing’. This 
recommendation was repeated in the 1953 edition, but attention is 
drawn in the current (1900) edition and also by Evans (#} to the 
risk which attends the use of cod liver oil in calf rations. The use of 
stabilised vitamin preparations is considered preferable and, if the 
addition of fat to dried skim milk is desirable, margarine or lard is 
recommended. 
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RUBBER AND ELASTOMERS 


By J. GLAZER, B,Sc„ Ph.D. 

[National College of Rubber Technology) 

Latex 

A measure of the extent of bacteria-induced decomposition in 
natural rubber latex may be obtained from its volatile fatty acid 
(YFA) content. The stability of latex is related to the VFA content 
and it is now shown (i) that VFA formation in ammoniated latex 
is probably due primarily to the presence of a glucose-amino-acid 
complex. The addition of ammonia as a stabilising agent leads to 
an enhanced VFA content and a plantation and laboratory 
investigation (2) discusses the practical factors which determine 
the best stage for addition of the ammonia. Factors affecting the 
stability against coagulation on storage of cold styrene-butadiene 
(SBR) latex have been investigated (J), and it is suggested that 
coagulation results from particle dehydration causing (reversible) 
creaming and (irreversible) aggregation. 

The stability of natural rubber latex is greatly reduced when 
compounded with zinc oxide; a standard method has been de- 
veloped [4) for determining the mechanical stability of latex, based 
on the addition of zinc oxide and potassium oleate to the buffered 
(pH 9*75) system. The method may, with modification, be used for 
synthetic rubber latex. 

The production of rubber foam relies upon gelation occurring 
before foam collapse. Factors affecting pre-gelation foam stability 
have been investigated (o) and it has been shown that the rheo- 
logical properties of the thin film surrounding each foam bubble 
are important. Elastic or viscous films are able to counteract stress 
disturbances and reduce strain, thereby inhibiting tilm rupture. 

Natural rubber and polyisoprenes 

Isomerised rubber 

A new series of modified rubbers with improved low-temperature 
behaviour, based on isomerised natural rubber, lias been de- 
veloped as a result of an earlier observation (fl) that natural rubber 
reacts with thiol acids to give products whose crystallisation rates 
are markedly reduced. This effect was originally ascribed to the 
chemical incorporation of bulky thiol acid groups at random along 
the polymer chain, but it has since been shown to result from 
cis-trans isomerisation about the double-bonds (7), so that the 
final product is a random copolymer of cis- and fmzs-isoprene 
units. The reaction is effected at high temperatures in bulk, 
solution or latex form, by agents such as dihenzoyl disulphide, 
.‘{08 
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hisryolohexylazocarbonitrile, butadiene sulphone, sulphur dioxide, 
sdenium (3), titanium tetrachloride or aluminium triethyl (.9), as 
well as by thiol acids, 

Although the reaction eventually leads to a product containing 
43 % cis and 57% trans structures at equilibrium, optimum physical 
properties are claimed for products containing only 6% trans 
structures, which crystallise about 500 times more slowly than 
unmodified natural rubber at —26° (10). The success of small-scale 
experiments (11) has warranted the production of such crystal- 
lisation-inhibited rubbers on the industrial scale (12), and a product 
has been reported which crystallises almost 1000 times more 
slowly than natural rubber at —20°. It was produced by milling 
(140-190 9 ) natural rubber with butadiene sulphone activated by 
1 , 1 '-azo-bis(cyclohexanonc-l -cyanide). 

Synthetic cis- 1,4-polyisoprene 

Although the patent literature abounds with descriptions of 
stereospecific catalytic systems designed to produce cis- 1,4-poly- 
isoprene, no systematic description of the process actually used for 
the production of this polymer on a pilot scale has been available 
until recently (73). A plant is to be designed to manufacture 
25,000 30,000 tons per annum. The pilot-scale plant utilises a 
Ziegler catalyst system based on aluminium tri-isobutyl (co- 
catalyst not stated). Pure, dry isoprene is allowed to polymerise at 
alp in hexane until the system contains about 25% of solids. The 
catalyst is then deactivated, antioxidant is added and the solvent 
removed. Particular care must be taken to ensure that the system 
is free from traces of oxygen and moisture. 

Suggested mechanisms for the Ziegler type of catalyst are largely 
conjectural (14), but more fundamental investigations have been 
made of lithium or lithium alkyl catalytic systems (75). These are 
in current use for producing cis polymer, and have the theoretical 
advantage of homogeneity, unlike Ziegler systems, so that reliable 
information is more easily obtained. It is now agreed that the cis- 
1,4 polymerisation of isoprene involves a series of polar processes 
initiated by the reaction of lithium alkyl (LiR) with isoprene to 
form a lithium isoprcnvl alkane ion-pair which, being itself a 
lithium alkyl, continues to react with isoprene in identical fashion 
(see Figure). This mechanism differs fundamentally from that of 


5- 


R ...Li 
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the non-stereospecifie cationic polymerisation initiated by Fricdel- 
Crafts initiators in several respects. The process is a polar (but not 
ionic) one in which the growing organic chain possesses a fractional 
negative charge (R 5 ^ ■ • • Li 5 "), and has been termed anionic. The 
counter-ion (. . . Li 5-r ) is an integral part of a six-membered ring 
reaction transition state. It cannot be allowed to ionise completely 
and separate from the organic anion if stereospecificity is to be 
maintained, and this is ensured by the use of strictly non-polar 
solvents such as paraffins. The presence of polar solvents (e.g., 
tetrahydrofuran) may be sufficient to form a co-ordination complex 
with the lithium counter-ion and thus liberate it from the transition 
state. This is known to give rise to non-specificity. The micro- 
structure of the polymer is determined by the propagation stage, 
which consists of a succession of polar reactions proceeding at a 
rate of the same order of magnitude as the initiation stage. This is 
very different from non-specific cationic polymerisation, where a 
slow initiation stage is followed by a series of very rapid ionic 
reactions. 

Vulcanisation of natural rubber 

It has become abundantly clear that a satisfactory answer to the 
question of what occurs during the vulcanisation of rubber will 
only be achieved by a combination of both physical and organic 
chemical methods. These two distinct approaches began to he 
reconciled some vears ago by Flory (10) and more recently by 
Moore & Watson (17). The latter presented, in effect, a calibration 
which can be used to obtain a measure of the number of chemical 
cross-links, present in a sample of vulcanised rubber, from in- 
formation derived from the equilibrium swelling properties of the 
rubber sample. This calibration is now beginning to be widely used 
but it will require modification, since recent work ( IS) has shown 
that a certain amount of net-work degradation occurs during 
peroxide vulcanisation, and this was not allowed for ill the original 
calibration. Attention is drawn to the great difficulty of achieving 
true equilibrium conditions when making stress measurements on 
elongated samples of rubber (19), and caution must still be applied 
in drawing conclusions of a chemical nature from such physical 
results. 

The organic chemistry of the reaction of sulphur with olefins has 
been re-investigated i'10) and the reaction product has been shown 
to be a mixture of complex sulphides. The product from 2,6- 
dimethylocta-2, 6-diene, used as a model for natural rubber, consists 
of a monomolecular cyclic monosulphide fraction together with a 
bimolecular, partly cyclic, polysulphide fraction in proportions 
which depend on the extent of reaction. The isolation and 
identification of these products constitutes a major advance in 
sulphur-olefin chemistry and has provided the basis for a kinetic 
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investigation (21) of the reaction. This has satisfactorily established 
that the reaction proceeds by an autocatalytic, polar-chain 
mechanism and not, as previously supposed, by a radical mechan- 
ism. These important conclusions refer only to the non-accelerated 
reaction of sulphur with model olefins, and application to the 
accelerated-sulphur vulcanisation of rubber needs caution. 

Before mechanistic conclusions can be drawn, it is necessary to 
know the chemical structure of the sulphurised rubber net-work. 
The complete insolubility of vulcanised rubber makes it a notori- 
ously difficult material to investigate chemically, but. modern 
organic chemical techniques combined with rubber elasticity 
dieorv are now beginning to yield fairly reliable results. For 
example, it has now been shown (22) that diphenylguanidine 
(DPG)- and mercaptobenzt hi azole (MBT) -accelerated gum-stocks 
possess cross-links that are predominantly 90%) polysulphidic, 
each cross-link containing about 5 sulphur atoms on average, but 
allowances must be made for net-work entanglements (17). In a 
non-accelerated vulcanisatc, it can be estimated that about 30 
atoms of sulphur need to combine with the rubber to yield an 
effective cross-link, much of the sulphur being combined in 
elastically ineffective ways involving intramolecular cyclic 
structures. It is clear Lliat the presence of the accelerator has 
resulted in a more efficient utilisation of the sulphur in the rubber 
net-work. 

Studies illustrating the complexity of ‘sulphurless' vulcanisation 
of rubber with tetraethylthiuram disulphide (TETD) have shown 
that during cure the modulus increases at the same rate as the 
formation of zinc diethyldithiocarbamate. although more slowly 
than TETD is consumed (£3). Finely divided silica ‘catalyses’ the 
reaction without changing the Arrhenius activation energy (24). 
Although reversion is not apparent during thiuram vulcanisation 
at 140°, it is most evident at 107° (23). Thiuram vulcanisation may 
proceed by a free-radical process (26) , the cross-links being pre- 
dominantly C-C and 0 S C in nature, with negligible polysulphide 
groups (LV). Degradation experiments elegantly demonstrate (28), 
however, that thiuram vulva nisates possess mainly polysulphidic 
cross-links and that 3 atoms of sulphur are combined somewhere 
hi the net-work for every cross-link that is formed. This must not 
be taken to imply that the cross-links are R-S 3 -R because a 
certain amount of this combined sulphur is in the form of thiuram 
fragments attached monofunetionally to the net-work. A review 
(2 ( J) suggests that the cross-links are disulphidic and are inserted 
by a radical chain process, but a more recent conclusion is that 
they arc polysulphidic and are formed by a polar process (30). The 
problem is by no means settled. 

Fse lias been made of radioactive sulphur in problems connected 
"itii vulcanisation (31). An important conclusion is that MBT 
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undergoes facile exchange with elemental sulphur and with organic 
polysulphidic sulphur. 

The possibility of a continuous proofing process is suggested by 
a report that sulphur monochloride vulcanises rubber in a feu- 
tenths of a second in the presence of appropriate accelerators (52). 

Oxidation and ageing 

Copper and manganese in a rubber-soluble form promote the 
autoxidation of raw natural rubber and zinc dimethyldithio- 
carbamate (ZDC) and tetramethylthiuram disulphide (TMTD) are 
effective protective agents against soluble copper and iron (55). 
Styrene-butadiene rubber (SBR), unlike natural rubber, harclen.s 
on autoxidation, but tris(nonvlatcd phenyl) phosphite is a good 
all-round stabiliser for raw SBR (54). 

‘Sulphurless’ thiuram vuleanisates were thought to age well 
because they contain C-C cross-links. It has now been reported, 
however, that these good ageing properties are due to the accumu- 
lation of antioxidants formed as by-products during cure (5o) , The 
good ageing properties of TMTD stocks are probably due to the 
presence of ZDC in the vulcanisate. A recent report shows that 
these properties may be further improved by incorporating small 
amounts of copper dimethvldithiocarbamate or even copper oxide 
into the stock (56'). Unlike thiuram-cured systems, radiation-cured 
systems appear to produce oxidation catalysts during cure (55). 
Further, the y- radiation cure of a black- loaded natural rubber 
stock can be strongly inhibited bv the inclusion of ‘antirads ’ (5r). 
These antirads reduce radiation damage, one of the most effective 
being A'-cydohexyl-.Y'-phenvl- -/>-phenylenediamine (55). 

The question of whether oxidative degradation of rubber net- 
works results from chain-scission at random along the rubber chain 
or whether the scission is located at (or near) the cross-links remains 
unsolved. Recent work on the oxidation of natural rubber gum- 
stocks ( 39 ) and carbon black stocks { 40 ) provides strong evidence 
in favour of the random chain scission theory. Laevulinir aldehyde 
was one of the volatile products of oxidation and its yield (per g. 
of oxygen consumed) was unaffected by the presence of the type 
of cross-linkages present. On average, 20 molecules of oxygen are 
consumed for every chain scission. This value is very similar to 
that previously reported for raw rubber. 

A previous report that thin films of natural rubber are rapidly 
autoxidised in contact with water at ambient temperatures bus 
now been disproved ( 41 ). 

The mechanism of antioxidant action of amines is still largely 
unknown, but recent reports suggest that secondary amines func- 
tion, like phenols, by abstraction of hydrogen atoms ( 42 ). 
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Continuous stress relaxation remains one of the most effective 
techniques for investigating net-work degradation. It has been 
stated that stress relaxation rates are very dependent on the 
chemical constitution of the polymer chain but qualitatively 
independent of the type of vulcanising system, and that for this 
reason, stress relaxation is probably due to scission of random 
chains and not of cross-links {43). These results were obtained with 
unextracted vulcanisates, however, and they become less con- 
vincing in view of reports that antioxidants are produced during 
the vulcanisation process (44). Acetone extraction of thiuram di- 
sulphide vulcanisates results in a large increase in relaxation rate, 
which is believed to be due to the removal, during extraction, of 
ZDC which acts as an antioxidant. Also of interest is the obser- 
vation that zinc and ammonium dialkyl dithiophosphates are as 
effective as ZDC (45). Butyl xanthogen disulphide may be used as 
a ‘sulphur less’ vulcanising agent to yield products of improved 
ageing properties, provided that zinc diethvldithiocarbamate is 
added to the mix (46). 

Detailed stress relaxation studies have shown that sulphurless 
vulcanisates (TMT1), dicumyl peroxide) degrade bv an auto- 
catalytic process which is retarded by classical antioxidants, and 
this may be a case of random chain scission (47). Sulphur and 
accelerated-sulphur vulcanisates, however, appear to degrade by a 
mechanism that may involve cross-link scission. A stress-relaxation 
study of radiation-cured natural rubber shows that, unlike 
accelerated-sulphur vulcanisates, no appreciable cross-linking oc- 
curs during relaxation (-/A) . 

Ozone cracking and antiozonants (49) continue to be topics of 
investigation and evaluation. One report (50) serves to stress the 
difference in mechanism between ozone attack and oxidation. 
Some of the best antiozonants (substituted />-phcnylenediamines) 
are the least active antioxidants and, conversely, the best anti- 
oxidants are the least active antiozonants. Another report (51) 
based upon stress-relaxation studies of natural rubber and SBR 
black mixes, suggests that A/.Y'-disubstituted />-phenylenedia mines 
an d substituted hydroquinolines function by different mechanisms. 
Studies on SBR - black mixes have shown (<5^) that both of these 
classes of antiozonants are rendered more effective when they 
contain electron -repelling groups, and this conclusion is supported 
by the results of a chemical screening test for antiozonants with 
cyclohexene as a model substrate (£3), The suggestion (54) that 
oz °ne is specifically necessary for ilex cracking is not borne out by 
fhe report (66) that dicumyl peroxide produces cracking, provided 
mat it is incorporated in the rubber mix and is irradiated by 
ultra-violet light. It now appears, therefore, that cracking may be 
mduced by free radicals, even in the absence of ozone. 
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Synthetic rubber 

Styrene-butadiene (SBR) 

Although recent interest has been centred mainly on aspects of 
vulcanisation, one study (56) investigates the effect of ethylene- 
diaminetetra-acetic acid (EDTA) in the ferrous-activated sulpli- 
oxylate type of system used in the low- temperature hydroperoxide- 
initiated preparation of cold SBR. Conversion is unaffected by the 
EDTA/ferrous ratio provided that this is greater than one. The 
demonstration (:?/) that sulphur reacts with olefins by a polar 
mechanism has been followed by an attempt to elucidate the broad 
path (polar or radical) by which various accelerated-sulphur 
systems vulcanise SBR gum-stocks (57). The technique used con- 
sists of adding a series of chemical ‘mechanistic probes’ to the mixes 
and noting their effect on the rate of cross-linkage formation 
(measured by equilibrium swelling). Hydroquinone and 1,1-di- 
phenyl-2-picrylhydrazyl are typical of the probes used. These arc 
well-known free-radical acceptors which inhibit or markedly retard 
free-radical reactions. Their effect on polar reactions, on the other 
hand, was expected to be comparatively minor. The investigation 
indicated that DPG-sulphur vulcanisation proceeds by a polar 
mechanism. TMTD-, ZDC- and MBT-sulphur vulcanisation pro- 
ceeds by mechanisms that are predominantly polar, benzthiazolyl 
disulphide (MBTS)- and sulphenamidc- sulphur vulcanisations 
proceed by mixed polar and radical mechanisms and radiation 
vulcanisation proceeds bv a radical mechanism. Results with a 
‘sulphurless' TMTD system were inconclusive. 

Studies on SBR gum-stocks and tread-stocks have shown that 
by replacing the thiol hydrogen of MBT by a diethylaminomethyl- 
ene group, a fast cure without delayed action is obtained (5fl). 
Replacement by a dicthylamino or morpholine group results in ;i 
delayed-action effect (69) and therefore improved scorch resistance. 
DPG or hexamethylenetetramine used in conjunction with benz- 
thiazole- and thiuram-accelerated svs terns show synergistic activity 
and a radical mechanism is proposed {60). A mixture of morpholine 
disulphide or piperidine disulphide with MBTS provides a ‘sulphur- 
less’ system with excellent scorch properties (67). 

cis-Polybutadiene 

The polymerisation of butadiene by lithium butyl in hydro- 
carbons gives a product that is ^*90% of the 1,4 form. As already 
stated above, polar impurities, present during isoprene stereo- 
specific polymerisation, result in increased non-specificity by 
forming a complex with the lithium, and similar effects have been 
found during the stereospecific polvmerisation of butadiene (62). 
The use of aluminium tri-isobutyl with titanium tetrachloride 
gives 90% of the 1,4 form, and although the system can be 
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adjusted to obtain 98% of the tram- 1,4 isomer, it was not found 
possible to obtain more than 60% of cis- 1,4 isomer with this 
svstem {63). 

' The physical and service properties of a's-1,4-, lrans-\,i- and 
atactic- 1,2-poly butadienes and their copolymers have been re- 
ported (64), and are of great interest. The tensile strengths of 
gum-stocks of copolymers are low (~300 p.s.i.) but increase 
abruptly when the proportion of a single structural type exceeds 
becoming maximal at 100%. Thus, gum-stocks based on 
100% irans-], \, cis- 1,4 and atactic- 1,2 polymers possess tensile 
strengths of 3200, 2500 and 600 p.s.i., respectively. Evidently the 
orientated crystallisation which occurs during extension, and 
which leads to high-strength properties, is only achieved by poly- 
butadicncs of virtually a single structural type. Resilience and heat 
build-up of cis - poly butadiene tread stocks are said to be at least 
equal to those of natural rubber. 

It is evident that this polymer is being actively developed in the 
l .S.A. both as a passenger-tyre rubber and, when blended with 
natural rubber, as a truck-tvre rubber. This tendency reflects the 
increased security being sought by rubber processors in a tyre- 
rubber whose price and availability are independent of economic 
and political factors beyond their control. This is now' possible by 
the availability of butadiene monomer in virtually unlimited 
supply. 

Butyl 

The comparatively short life of butyl tyre-curing bags made with 
vulcanising systems based on sulphur lias led to the development 
of special phenol -formaldehyde (P/E) resin vulcanising agents 
which are now widely used in the tyre industry. These resins are 
slow in curing, but cure may be greatly accelerated by a hydrated 
stannous chloride additive (55). Another important development 
M has been the replacement of sulphur by morpholine disulphide 
ni a J M ID-accelerated system where low reversion and good 
ageing properties, at least equal to that of P/F systems, art* 
claimed. I he use of tellurium methyloctvldithiocarbamate and 
ot hylcv r loliexvldi t biocarbamate is also claimed to improve the 
['zone-resistance of steam-cured butyl products, by virtue of their 
increased hydrophobicity (57). A novel development is that of 
attrited’ carbon blacks (treated by milling) which, it is claimed 
(6A), give butyl products of high tensile strength and elongation, 
and reduced modulus and heat build-up (5,9). A butyl latex is now 
available in the U.S.A. (75). 

Special- purpose rubbers 

Raw acrylonitrile -butadiene rubber (NBR) is very ‘nervy’ and 
difficult to plasticise for processing, since it hardens on milling. By 
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treating NBR latex with an iron salt and dimethylphenyl-/>-cresol 
and then coagulating, a dry rubber is obtained which may be 
plasticised by hot-air treatment at 110° (71). 

Kinetic studies on the thermal vulcanisation (72) of NBR 
suggest that the process is one of thermal polymerisation between 
pendant vinyl groups of the polymer. It is accelerated by MBTS. 
but the supposed demonstration that the accelerating effect is 
linearly related to the square root of the MBTS concentration is 
incorrect, since in fact it is lirst-order with respect to MBTS. 
Kinetic studies are also reported of the sulphenamide- and DPG- 
accelerated sulphur vulcanisation of NBR (73). 

The special techniques necessary to cure polyurethane rubbers 
can be avoided by use of dicumyl peroxide and conventional mould 
methods (74). Improved dynamic properties are claimed, although 
tear strength suffers. An interesting study has been reported (75) 
using a polvether-based polyurethane containing pendant hydroxy- 
ethyl and n-propylene groups. This polymer was cured with 2 .2'- 
dimethoxvbiphenyl M'-di-isocyanate which reacts quantitatively, 
and it has been shown that cross-link intensity values determined 
chemically are in excellent agreement with those determined 
physically using equilibrium compression modulus values. This 
result is gratifying but surprising since differences due to chain- 
entanglements would be expected. 

Several chemical modifications of dimethylsilicone rubbers have 
been reported and discussed from the point of view of the enhance- 
ment of a particular property. The presence of occasional phenyl 
groups gives improved flexibility at low temperatures. Pendant 
vinvl groups permit the use of less reactive peroxides for curing 
(7*5), and the pendant n-cyanopropyl groups improve both the 
low-temperature flexibility and the solvent resistance of the 
polymer (77). A silicone polymer containing fluorine (poly-trifluoro- 
propvl-methylsiioxane) has been synthesised and found to he 
highly resistant to fuel oils and chlorinated solvents (78). 


Analytical 

A convenient method of determining MBT, zincMBT and 
MBTS in rubber extracts bv amperometric titration with silver 
nitrate has been described (7.9) and a method of determining MBT 
bv iodine titration is now published (80). Di-o-tolvlguanidine di- 
catechol borate can be detected in cured rubber by the appearance 
of a light blue colour on treating the acetone extract with sodium 
hydroxide solution (81). Useful chromatographic methods are 
described for the estimation of elemental sulphur in accelerator^ 
[82) t and of trace amounts of copper in rubber (&3). The use 
copper oleate as a chromatographic colour reagent is suggested f» ! 
estimating ZDC in rubber extracts (84). 
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An A’ -ray diffraction method for estimating free zinc oxide in 
vulcanised rubber should prove useful (85), Ebonite which contains 
whiting gives erroneous ash values because of calcium sulphate 
formation, but improved results can be obtained by ashing first at 
400° and finally at 900° (56‘). 

A notable advance in infra-red spectroscopy (£7) is the use of a 
special grating spectrometer which reduces scatter due to carbon 
black and thus allows a direct examination of black stocks. Such 
:in instrument is not widely available, however, and those with 
commercial instruments will find helpful a collection of spectra of 
the pyrolysates of most common rubbers (55). It must be noted 
that the 1 1*3 n absorption band, usually associated with 3,4-poly- 
isopreiic structures, may not in fact be due to it. It has been 
suggested that a band at 1-64 fx can be more reliably used diag- 
nostically for this type of structure (59), 

A convenient spot-test for natural and synthetic polyisoprenes 
[00] is based on chromic acid oxidation and the identification of the 
acetic acid formed, using lanthanum nitrate and iodine. The use of 
perbcnzoic acid for microstructure analysis of polvbutadienes has 
now been extended to polyisoprenes with results that agree very 
well with those obtained bv infra-red spectroscopy (91). A rapid 
spot-test has been developed for differentiating between polyester 
and polvethor urethane polymers ( 92 ); a simplified colorimetric 
method for determining bound styrene in SBR should find 
increasing use (93). 
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By J. P. DANBY, B.Sc., Ph.D. 

(National Leathersellers College , London, S.E. /) 

The number of papers on leather chemistry published over the last 
two years has continued to increase. The growing interest in the 
physical properties of collagen and leather is emphasised by the 
volume of work published in this field, while the chemistry of 
collagen and other skin components has also lent itself to extensive 
studies. In the realm of practical tanning, zirconium continues to 
provide good research material as well as tannages based on 
glutaraldehyde and di-aldehyde starch. Work on sole leather con- 
tinues to focus mainly on the techniques of rapid tannage. In view 
of difficulties that may be faced in the future, this report includes 
a short account of the work done on effluent disposal and waste 
product recovery. 

Collagen 

In the past two years a great many papers have been published 
dealing with the chemical and physical properties of collagen. The 
work by Morgan & Mitton (f) on the physical properties of collagen 
and tanned collagen fibres is the outstanding contribution made in 
the latter field. 

The treatment of collagen with y-radiation (2) was shown to 
reduce the shrinkage temperature and increase water solubility. 
Radiation sterilisation (<3) has been suggested as a possible curing 
method of the future. The behaviour of hide substance subjected 
to heat in the presence of small amounts of a diluent [4) has been 
likened to the depression of the melting point of a crystalline 
substance by an impurity, and shrinkage temperature is explained 
un this basis. From heats of melting and specific volume Ghosh {-)) 
puts the crystallinity of collagen between 70% and 80%. 

Collagen swelling (0) continues to create interest and Frazer <v 
Macrae (7) suggest a possible role for water in the collagen structure. 

Colour reactions and stains for proteins (#) and amino-acids (fl) 
have appeared regularly with other analytical techniques applic- 
able to collagen chemistry. Deasy (10a) described methods of 
purification of collagen and later (10b) the isolation of a compound 
of carbohydrate nature related to sialic acid. Sialic arid has also 
been found in cartilage and other connective tissue (//). 
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The esterification of collagen with methanol and ethyl chloro- 
forniate resulted in an increase in amino-nitrogen attributed to an 
N-0 acyl migration in the serine and threonine residues {J2a). The 
same authors showed that the N and C terminal amino-acids of 
collagen, prncollagen and reticulin were identical (12b). 

The isolation of a tripeptide of structure L-L-Af-e-(glycyl-a- 
ajutamyljlysinc (13) suggests that possibility of macro-loops along 
the collagen chain, although this peptide may have arisen in a 
side-chain reaction. Other tripeptides of importance in sequence 
studies (14) have also been isolated. Improvements have been made 
in the colorimetric determination of elastin ( 15) and Ornes & Roddy 
(!6‘) describe methods of isolation and staining of elastic tissue and 
their subsequent use in determining the modification of elastin 
during the processing of skin to leather. 

Animal skin, curing and fungicides 

Green (17) describes with illustrations some hide and skin 
curiosities found in Kenya, including those attacked by tick-bird, 
ants and moths. 0’ Flaherty (IS) reviews the life history and effect 
of the cattle grub on animal and leather while Dempsey (19) con- 
siders hide damage by warble and gives an account of recently 
introduced systemic insecticides and their possibilities for future 
use. 

Hides cured with salt containing soda ash and naphthalene (20) 
showed no red heat or maggots and remained in good condition 
during storage. Losses in weight (21) up to 5% in green hides have 
been reported when sodium carbonate was added to salt. The use 
of 2% paludrinc (22) added to salt stopped red heat, and a 1% 
solution used for 10 hours prevented hair slip and putrefaction for 
one month. Additions of 05% to the soak inhibited putrefaction 
for 4 days. A series of insecticides was examined (2Z) to see if they 
stained leather, but there were no visible stains attributable to the 
insecticides after fat liquoring. 

Hauck (24) suggests that the measurement of specific gravity 
would be a quick way to determine the salt content of cured hides. 

Fungicidal effects of organo- mercury compounds (25) have been 
investigated and compared with those of well-tried fungicides, e.g., 
sodium pentachlorophenate ; whereas the latter requires 1 part / 
15,000 for effectiveness, the mercury compound requires only 
1 part/ 2 00 ,000. 

Green (26) has reviewed the methods of comparing fungicidal 
properties and of assessing the effectiveness of mould-proofing 
treatments and describes a new test method. 

Pretanning 

Much of the interesting work in the pretanning field continues 
to centre around enzyme unhairing. The difficulties experienced in 
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the removal of fine hairs and the inconsistency of results obtained 
with enzymes (27) have been discussed and work is being continued 
to determine the extent to which leather quality depends on the 
nature of the enzymes employed. Dhar & Bose (28) report that by 
comparative assessment, the leathers manufactured by unhairin^ 
with microbial proteases and lime showed no consistent differences. 

Green & Mitton (29) described experiments on the bating con. 
ditions in glace kid production: the results indicate that a wide 
variation in bating conditions produces little difference in the 
overall quality of the finished leather. Previous work (39) on bates 
aroused comment and criticism (37a), especially with regard to the 
progelatin theory. Future methods of bating suggested by Grimm 
(376) include soaking back dry hides with enzymes, thus dispensing 
with the need for a separate bate and the removal of non* 
collagenous matter and scud with alkyl sulphates or substituted 
amino-carboxylic acids. The latter method requires a short bate. 

The importance of chemical changes in collagen and other hide 
components under conditions of liming and bating and their 
relation to loss of hide substance are discussed by HOrmann & 
Schubert (32). 


Vegetable tannage 

The recent advances in the chemistry and biochemistry of 
commercially important condensed tannins (33) and their im- 
portance in relation to certain aspects of leather chemistry, in- 
cluding redness of vegetable extracts, identification of condensed 
tannins in leather and reaction with bisulphite, are discussed by 
Roux. 

With regard to hydrolysable tannins a possible inode of biosyn- 
thesis (37) has been considered as the result of a new theory of 
alkaloid biosynthesis (35). Hathaway & Seakins (36’) have isolated 
and identified two hydroxystilbenes from Eucalyptus nandoo: a 
second occurrence of Hamameli tannin (37), this time from the 
Spanish chestnut, has been shown to be identical with the natural 
product previously isolated from Hamamelis virginiana (33). The 
synthesis of brevifolin has been described by Wanzlick (3.9) and 
Freudenberg (40) has investigated the biosynthesis and constitution 
of lignin. 

On the more practical aspects of vegetable tanning the uses of 
di-aldehyde starch as a pretanning agent (77) and ion-exchange 
membranes (42) for controlling the pH of tanning liquors have been 
considered in relation to rapid sole leather tannages. A closed 
circulating system for rapid sole leather tannage has been described 
by Shuttleworth (43) and Atkinson & Cutting (44) have discussed 
methods of rapid tannage for light leather production. An un- 
proved catechol leather is produced by the action of an aqueous 
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solution of ammonia or gaseous ammonia followed by fumes of 
formaldehyde (45). 

Evelyn (46) reports from work on wattle extracts that the 
diffusion of polyphenols into hide is inversely related to the 
molecular weight of the tannins. When the results are corrected to 
the same degree of swelling the sorption of polyphenol is inversely, 
and the ‘fixed tannins’ directly, related to the molecular weight 
The total sorbed matter is independent of molecular weight. The 
importance of swelling in the fixation of tannins has been con- 
firmed by Sykes (47). Results obtained indicate that hydrothermal 
stability is dependent on the amount of tannin fixed rather than 
on the fixation of mimosa tannin at any particular site in the 
collagen. 


Chrome tannage 

Chrome tanning processes with 33% and 50% basic liquors are 
described (48) in which all the tanning material is added imme- 
diately after the pickle acid. The resulting leather has good 
substance, uniform distribution of chromium oxide and firm flanks. 
Chrome-tanned leather with fuller flanks and tight, smooth grain 
is claimed to result from a pretreatment with phosphate glass (40), 
while increased drumming and chrome uptake give a soft leather 
(toy 

Gustavsun (51) describes a chrome-alum tannage in whicli the 
acid-binding faculty of collagen is utilised for the formation of 
basic chromium sulphate in situ. The chrome alum is applied in 
definite proportions and is dissolved by the moisture in the pelt, 
so that subsequent tanning takes place entirely within the pelt. 
A practically boil-proof leather is obtained. 

Slmttlewnrth & Sykes have investigated the mode of co- 
ordination of amino-acids with cationic chromium in acid aqueous 
solutions by speetrophotometric ($:?<*) and potentiometrie tech- 
niques (52b). hrom the results of speetrophotometric studies the 
extent of co-ordination appears to be proportional to the p/\ values 
of the carboxyl groups which are themselves influenced by the 
number of C-atums separating the carboxyl and amino groups, 
thus e-amino-acids are better complexing agents than are %- 
aminu-aeids, and the resulting complexes formed by e-amino-acids 
and chromium sulphate are more resistant to penetration by the 
carboxyl residues of collagen and therefore less efficient as tanning 
agents than the complexes with a-nmino-acids. These results were 
confirmed by tanning trials using isomeric forms of amino-n- 
butyric acid. 

Die neutralisation effect of a series of alkalis on the properties of 
mushed leather were investigated by Stubbing* (53) and compared 
With the results for sodium bicarbonate. If the alkalis were added 
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slowly and in equivalent units by titration, results similar to those 
with sodium carbonate were obtained. Pre-neutralisation with 
calcium formate (54) followed by sodium carbonate or sodium 
sulphite gives milder deacidification and more rapid penetration to 
the inner zones than either carbonate or sulphite alone. 

Other tannages 

Zirconium tannage has been reviewed by Williams- Wynn (oo), 
particular attention being given to practical aspects of tanning, 
and also by Somerville ( 06 ), who considers zirconium salts for 
premium white leathers and retannage of chrome side leather. 

The particle size of zirconium has been shown to be a major 
contributor to the rate of penetration of zirconium into hide ( 0 ?). 
Rapid penetration was found to take place by performing a dry 
tannage after normal pickle. Under these conditions zirconium had 
the smallest particle size. The factors affecting the particle size of 
zirconium chloride affected zirconium sulphate in a similar manner. 
A brief description of the tanning and finishing of 'Supra', the 
French patented (•:><$») zirconium-tanned leather, is given by 
Paquet (58b), 

A patent has been granted for tanning with iron salts (59), which 
it is claimed gives a leather superior to that obtained by the 
conventional iron tannage. The skins are first treated with a 11011 - 
basic or weakly basic, trivalent iron salt mixed with equivalent 
amounts of dichromate, and are tanned bv the addition of a 
reducing agent which converts the original salt into a basic tanning 
*alt inside the pelt. Better results are obtained by partial replace- 
ment of the iron salts bv chromium and/or aluminium salts. 

The tanning properties of malon aldehyde and succinaldehyde 
have been investigated (60) and Simoncini (67) describes recent 
work on the tanning action of chlorinating agents such as chlorine 
water, hvpochlorous acid, sodium hypochlorite and sodium 
chlorite. 

The results of tanning with glutaraldchvde (62) show that the 
leather produced has superior properties to formaldehyde- and 
glyoxal-tanned leather. Under certain conditions maximum shrink- 
age temperature is reached in 1 hour and complete exhaustion uf 
the tanning liquor is possible. No difficulty was experienced in the 
post-tanning treatments and the finished leather showed high 
resistance to perspiration and soap solution and was of a soft and 
pleasing character. 

Sykes (63) describes a process of leather manufacture in which 
raw hide is frozen and the water in the fibre matrix is turned to ice. 
The ice is sublimed at 10T in chilled dry air and the raw hide 
treated with silicone oils. The resulting leather has many properties 

to enhance it. 
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post-tanning treatments 

Dyes and dyeing 

The tanning and detanning action of dyes has been investigated 
by Otto (6*-/). The retannage of chromed skins with sumac, gambier 
or equivalent syntans (65) has been shown to give excellent 
properties to materials subsequently dyed for gloving leathers. 
Fluorescent oxadiazole compounds (66) which are practically 
colourless have been recommended for addition to dyebaths for 
brightening purposes and to improve optical properties. Recent 
progress in the field of dyestuffs for leather is discussed bv Nursten 
(67). 

Fat liquoring 

Mattei & Roddy (68a) have explored the use of fish oils for fat 
liquoring. Ocean perch, herring, salmon and menhaden (68b) oils 
gave results similar to those obtained by fat liquoring with cod oil, 
although the latter oil gave a softer surface to the leather. A method 
for the sulphation of highly unsat united oils is described (68c). The 
influence of the type of oil, degree of sulphation and neutralisation 
levels of fatty acids on the physical properties of upper leather (66) 
have been investigated, as well as the fat-liquor distribution in 
chrome-vegetable combination tanned side leather (70). 

Finishing 

The properties of ten synthetic resin dispersions (71) have been 
reviewed and also compared in simple pigmented finishes. The 
yellowing of white leathers (7'1) is ascribed to traces of iron, 
manganese, copper and lead in the white pigments used in finishes. 

Leathers finished with a polymer dispersion containing carb- 
oxylic groups in the presence of a zinc compound (7*3) are said to 
show fastness to hot ironing up to 300'. Recent developments in 
the chemistry and technology of polyurethanes (~^) are discussed 
and the effect of the composition of urethane films on such proper- 
ties as colour and gloss retention are described. 


Waterproofing 

Much patent literature lias been concerned with waterproofing 
and patents have been granted for this purpose for organo-silicon- 
chromium co-ordination compounds (75) (also as tanning agents) 
and hydroxyl-containing chromium co-ordination complexes of 
perchlorofluoromonocarboxylic acids (76). Silicones arc also used 
considerably. 

Only limited success has been had with finding a surface treat- 
ment for vegetable-tanned sole leather (77) and filling seems to be 
still the best method for such leathers. Full-chrome leathers can be 
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successfully treated hut they require 1 0% of the agent on leather 
weight for effectiveness. 

Tannery waste 

The American Leather Chemists' Association (78) have proposed 
methods for analysis of industrial wastes, including determination 
of dissolved oxj’gen, bacterial oxygen demand, residue, pH, 
organic nitrogen, sulphide and chloride. The self-purification of 
tannery effluents has been considered by Ludvik & Jansky [79). 

In Japan [80) hide fleshings not used in gelatin factories have 
been converted into cattle and poultry feeds by cultivation uf 
RJtizopus fungi by the koji fermentation process. Patents have been 
taken out for the recovery of chromium from spent tanning liquors 
(81) and leather waste (82a), and the production of emulsifiers, 
soaps, etc., from animal glues and other protein hydrolysates (82b). 

The manufacture of reconstituted leatherboard (&3) from scrap 
leather and latex has been described. 

Testing; and analysis 

Bowes (<Si) points out that total nitrogen is nut necessarily a 
true indication of total protein present and that a more desirable 
method of determination of hide substance is required, and for this 
the determination of hydroxy proline is suggested. Results obtained 
by this method are n 10° 0 lower than by the conventional Kjeldalil 
method. This new method might also be used for detecting other 
nitrogen-containing substances in leather such as dimethylnlurca. 
Kubelka (<$'*>) has put the nitrogen content of steer hide at 1 S-0° o , 
as opposed to the present accepted value of L7-S%. This difference 
changes the conversion factor of nitrogen to limed hide from r>T>2 

to fi-oH. 

The determinations of overall basicity and chromium oxide 
content 188) of chrome-tanned leathers have been reviewed and 
sources of error and methods by which the reliability of the 
analyses ran be improved are discussed. 

Kuntzcl cc Kroll (87) have investigated the methods of deter- 
mining ash in chrome leather and the resulting behaviour of the 
chromium compounds. They conclude that the sulphated ash 
method of the Society of Leatln-r Trades’ Chemists cannot he used 
because on prolonged ashing, up to '1 1 hours, S(> 3 is lost frum the 
chromium salt and a low ash figure is returned. Ashing at rtUO' or 
wet oxidation and subsequent drying at 4CX)' appear to be the best 
methods, 

Kubelka (88) has proposed a factor of 2*7*» for calculating chrome 
tannin from the chromium oxide content of the leather. Results so 
calculated are in good agreement hut are slightly higher than those 
calculated from the formula of Kanagy (89), viz,, chrome complex 
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(chrome tannin) — 2-09 Cr 2 0 3 -{ 2-78. It is suggested that tanneries 
should calculate a factor for the particular type of leather being 
produced and that this factor would be sufficiently accurate for 
control work. 

Morgan & Mitton have published a great deal of work on the 
mechanical properties of collagen and collagen -tanned fibres (1) 
and in conjunction with Barnett (00) have described a shrinkage 
temperature apparatus capable of taking up to 32 samples and 
raising the temperature to 1 2fr. Change of shrinkage temperature 
as a criterion of tannage (01) has been briefly considered and 
shrinkage temperature has also been used to give a date to the 
Dead Sea Scrolls (02). 

It has been suggested that strength qualities of leather can be 
adequately judged by the tongue tear test (03), while Toth (04) 
uses a microphone placed near a leather under stress to hear the 
fibres breaking. By this method fibres can be heard breaking at 
2/otlis of the normal load. A number of new physical testing 
methods have been adopted by the International Union of Leather 
Chemists' Societies (05). 

Bowes & Moss (00), from tests with lactic acid, infer that the 
higher the chromium content the longer leather will resist the 
action of perspiration. Other workers conclude that the measure- 
ment of water absorption (07) can be made the basis for comparing 
the perspiration resistance of leathers. 

Problems in devising fastness tests for leathers are considered by 
Landmann (OS) and the physical measurement of colour (99) with 
reference to quality of illumination, reflection, behaviour of object, 
and eye characteristics is discussed by Derbyshire; potential value 
of colour measurements to industrial users of colour is also con- 
sidered. Davies & Nursten ( 100) have put forward a provisional 
method for the testing of the fastness of coloured leathers to dry 
cleaning. 

A direct-reading instrument for moisture determinations (101) 
based on the principle of change of dielectric constant and resist- 
ivity is described for tannerv use. 
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PULP AND PAPER 

By (Miss) S. LAMMLE, B.Sc., A.L.A. 

(British Paper Board Industry Research Association, Kenley, Surrey) 

The release of details of the Inverform machine for board and 
paper making, the inauguration of Sudbrook Pulp Mills ( 1 ), 
employing a Kamyr continuous digester to produce bleached pulp 
from mixed hardwoods, a Symposium on the Fundamentals of 
Fibre Attraction and Bonding, and the Eucepa conference on 
statistics in May I960, are some of the important events during a 
two-year period, which, in general, saw continued mill expansion 
and modernisation, the growth of pulp and paper mills in under- 
developed countries, and intensified research and efforts to eluci- 
date the basic principles governing the paper and board making 
processes and the characteristics of the products obtained. 

Fibrous raw materials and pulping 

In 'A search for new fibre crops', Nieschlag (2) has described a 
scheme for evaluating the potential use as papermaking fibres of a 
large number of materials, taking into account botanical charac- 
teristics, chemical composition, fibre dimensions, yield after sodium 
chlorite maceration and qualitative physical and visual appraisal. 
This was applied to 58 plant species representing eleven families. 
Tamolang (3) has published further data on the fibre dimensions 
of Philippine broadleaved and coniferous woods, palms, bamboos 
and grasses. 

The use of modified cotton linters has attracted some attention 
{4). Harpham el al. (.5) have described the line paper properties of 
different cuts of commercial linters and the chemical modification 
of second cut linters to a low degree of substitution by cyano- 
ethylation, carboxvmethylation, hydroxymethylation and hy- 
droxypropylation reactions. 1 lydroxy ethylated linters handsheets 
(D.S. <H8) had twice the burst, 1-2— 1*3 times the tear and 20-70 
times the folding endurance of second cut linters sheets, depending 
on beating time. Hydroxyalkylatioii experiments (tf) with linters 
are also reported, in which handsheets were prepared and Valley 
heating curves, sizing degree, porosity, moisture sorption and 
strength properties were evaluated; compared with purified linters, 
entirely different combinations of porosity and strength were 
obtained, the sheets being much more porous at the same tensile 
33a 
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strength or much stronger at the same porosity level. Spadaro et al, 
(/) have described cyanoethylation and hydroxyethylation studies 
with linters carried out at the Southern Utilisation Research and 
Development Division; cyanoethylation in this case yielded no 
appreciable improvement in properties, but hydroxyethylation led 
to folding endurance values of up to 14,000, while freeness de- 
creased to 115 with a beating time of 2 h., compared with a folding 
endurance of 500 and a freeness of 220 in a control sample beaten 
for 3 h. Hydroxyethylation and other chemical modification 
studies at the Institute of Paper Chemistry have been discussed 
by Ward (<$). 

Some preliminary data on the Fibre Activator Process have been 
published by Michigan Research Laboratories (9). This process is 
concerned with the ‘conditioning of cellulose and other fibres by 
undisclosed chemical means’, which is said to result in the liberation 
of bound water in the fibres; at the same time the treatment inv 
proves retention and facilitates the addition of chemical additives 
and resins. Latex retention can apparently be achieved without 
aciditication or use of alum at pH 3-10. It is further claimed that 
the stock is faster drying and that all strength properties, opacity, 
formation and printability are improved. 

In the mechanical pulping field the search for improved grinding 
methods is being continued. At the third International Mechanical 
Pulping Conference, Bcrsano f 10) described the development of a 
new type of grinder, in which the logs rest on a pair of horizontal 
longitudinal supporting rolls and are ground by a series of conical 
grinding wheels set at an angle to the log. which cause the log to 
rotate and move longitudinally. The grinder acts bv compression 
of the wood with subsequent pulling away of the tibres and chemical 
treatment can be included. Groundwood of good burst and tear 
strength and opacity or bundles of fibres suitable for further 
processing can be produced. Less power is consumed than with 
conventional grinders. At the same conference Holiolik (//) re- 
ported on coarse grinding followed by refining, and presented data 
to show that the mechanical pulp produced is equivalent or better 
in quality than those made completely by grinding at the same 
total power input. D'A. Clark 112) has described a new approach in 
groundwood evaluation; it is suggested that replacement of the 
present system of testing (freeness, burst and tear strength and 
specific volume or density) or at least supplementing by a much 
more fundamental fineness-lcngth-cohcsiveness system, would 
give a clearer insight into the properties of groundwood. 

Crosby & Coe (13) have described the Hifibre Process for hard- 
wood pulping with lime in place of soda. Steeped chips enter a 
roller mill, where they are compressed ; they are then further treated 
with chemical and defibred in a koller mill. The unbleached pulp 
obtained is said to show good opacity. 
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Multistage cooking and modified sulphite cooking continue to 
receive notice. A very useful review of the former has been pre- 
sented by Rydholm (14) who subdivides the various processes into 
(1) those finishing with an acid sulphite cook and (2) those finishing 
with an alkaline cook. The first group comprises the Skutskar 
process (15) in which pine is cooked with sodium sulphite/bisulphite 
liquor at pH about (I followed by injection of sulphur dioxide. 
These modifications overcome the difficulties arising from the 
heartwood constituents and phenolic compounds in various 
conifers ; moreover, gluconiannan stabilisation makes two-stage 
cooking of interest not only lor woods with phenolic constituent 
but for all types of softwoods; in hardwoods the glucornannan 
content is not sufficiently high to offer advantages when adopting 
this procedure. A comparative study of spruce pulps prepared by 
(a) a two-stage method using sodium monosulphite (pH 9-10) for 
the first stage followed by an acid sulphite stage, (b) a single stage 
sodium bisulphite cook (pH 4-1 -5) and (c) a single-stage calcium 
sulphite cook employing very mild cooking conditions has been 
reported by Vet he et al. (10) . 

Two-stage cooking finishing with an alkaline cook, of special 
value for dissolving pulps, can also be used for papermaking pulps. 

A modification with lignin removal shifted to the sulphite stage is 
the Sivola sulphite-carbonate process (77), which gives pulps with 
a-cellulose contents of 87-97%; for paper pulps the bisulphite- 
carbonate cook is probably preferable. The carbonate stage modifies 
the properties of the bisulphite pulp in such a manner that only 
part of the hemicelluloses are removed and, in special cases, where 
the bisulphite stage is interrupted very early, pulps approaching 
sulphate pulps in strength can be obtained. Freedman (18) has 
compared a two-stage soda cook for hardwoods with kraft cooking 
and found that not onlv are the two-stage soda pulps stronger than 
conventional soda pulps but that their strength is of the same 
order as that of kraft pulps or even better; this process also yields 
considerable savings in rausticising costs. 

Calcium-base, high-yield sulphite pulping is now being practised 
in a number of Canadian mills producing newsprint pulps. A 
detailed description of plant lay-out and mill operation has been 
given by Lambert (10) together with a discussion of the economics 
of the process. The freeness of the high-yield stock as supplied to 
the machine is 620-1)40 c.s.f. or 40-50 points below that of normal 
low-yield pulp, while the printabilitv of the paper as evaluated on 
a Vandercook proof press usually shows a loss of only 1*5%. 
although in some cases no difference has been noticed when 
changing to high-yield operation. High-yield acid pulps arc also of 
interest for corrugating medium. 

Fngclhardt ct al. (20) have reported on high-yield sulphite 
cooking experiments with special ref i n m e to \ a pour- phase cooking 
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and Zirngibl (21) has compared normal cooking with sodium 
bisulphite, vapour-phase cooking with sodium bisulphite and 
digestion with a mixture of sodium and calcium bisulphite. 

Schwabe & Abdelmoniem (22) found that unbleached aluminium 
bisulphite pulp showed good colour and strength, could be beaten 
easily and was readily bleached, yielding pulps of high a-cellulose 
content; novel bulky pulps could also be produced. Advantages 
cited are: liquor recovery simple, risk of blackening of pulps during 
cooking reduced and scale problem eliminated. 

Rydholm & Lagergren (2«3) have discussed the rate-determining 
delignitication reaction in technical sulphite Cooking from kinetic 
and lignin chemistry viewpoints, and Ingruber (24a) has reported 
on a study of the influence of the pH factor in the process. The 
same author (24b) also investigated the pH changes in dilute 
solutions of strong acids and alkalis in the pH range ‘2-12 when 
\arious wood species were introduced and compared the pH 
development in pulps such as sulphite and kraft pulps. 

Jensen et al. (2d) have examined the possibility of using radio- 
active tracers to follow the penetration of calcium-base sulphite 
cooking liquor into wood. The use of radio-isotopes in cooking 
investigations is also being studied at the British Paper & Board 
Industry Research Association. 

In the alkaline pulping licld sulphidity control is effected with 
elemental sulphur (26'). and Peckham vS: May (2?) cooked southern 
pine with an alkaline liquor rich in polysulphides and obtained a 
pulp with a screened yield advantage over the kraft pulp of up to 
2% based on moisture-free wood, and the colour and bleachabilitv 
of the pulp compared favourably with the conventional pulp. 
Scopp Associates |2-J>) have claimed unprecedented yields with the 
use of polysulphides in kraft pulping. Swartz et al. (2!l) have 
described the system at Bowaters Southern Paper Corp. where 
sulphuric acid is used for sulphur make-up to permit recovery of 
spent cold caustic pulping liquors, to increase the sulphidity ui 
kraft cooking liquor and to maintain liquor sulphidity at a desired 
level. 

Potassium-base kraft pulping has been described by Nepenin & 
Vybornova (SO), who claim that the substitution of potassium for 
sodium accelerated the cooking process and that the a-cellulose 
contents were higher by 2-4%. Furthermore, the pulps were 
beaten more easily and had improved mechanical strength proper- 
ties. 

Stock preparation 

There is some doubt regarding the practicability of ultrasonic 
treatment of papermaking stock as an alternative to beating, sc 
that an extensive investigation by Jaymc et al. (SI) of changes i» 
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the colloid chemical properties of cellulose fibres as a result of 
high-frequency and ultrasonic treatment is welcome. Reference is 
made to commercially available equipment such as the Escher 
Wvss shives remover, the Supratonator, the Ultra Turrax and the 
poly t ran equipment. Willems (32), inventor of the Fibrotom, also 
reported on this subject to the A.T.I.P. conference in November 
1959. 

Many different methods for evaluating the beating effect, in- 
cluding determinations of filtration time, filtration resistance, 
specific surface and volume, Jayme water retention value, initial 
wet strength, fibre length and viscosity measurements, have been 
critically compared by Nordman & Aaltonen (33) and Kane (34) 
has developed a mathematical expression for the variation of fibre 
length distribution during the beating process, and has similarly 
analysed the relationship between beating influence, fibre length 
and tensile and tear strength. Arlov (35) has compared the fibre 
strength and bonding behaviour of fibre fractions obtained from 
pulps beaten in a P.F.I. laboratory beater anti in two industrial 
beaters, one with basalt tackle, the other with metal bars (see also 
Vinetskaya, reference 30). 

Ingmanson & Andrews (.37) found that filtration resistance of 
pulps increases exponentially with beating time and that for a 
whole pulp it depends primarily on the amount of fines and fibre 
debris produced. Hulk compressibility increased in direct propor- 
tion to increases in specific volume with refining time, hence as 
fibre swelling increases with boating it is to be expected that in a 
wet-pressed sheet there will be more fibre- to-fibre contacts as 
beating proceeds with resulting higher strength characteristics. 

Rapson et al. (3S) have measured the colour and brightness 
reversion of pulps during beating experiments in a Valiev beater; 
drop in brightness is attributed to increased surface area developed 
by mechanical action. 


Papermaking 

Hie Inverform machine (39) at St. Anne’s Board Mill is un- 
doubtedly one of the most important developments in paper and 
board making. This will be realised from the fact that pilot 
machines have been run at speeds of 800 to more than 2000 ft./m. 
when making multi-ply board, and that a single-plv experimental 
machine, H in. wide, has been run at speeds up to 5000 ft./m. The 
limitations to the speed of water removal from wet webs, par- 
ticularly heavier paper and board, are overcome by the use of a 
number of top wires and the upward removal of w r ater. Flow box 
consistencies range from 1 to 1-8%, considerably higher than with 
conventional cylinder mould machines. The strength properties of 
le sheet obtained compare favourably with those for a normal 
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cylinder machine, while the sheet properties in the machine and 
cross direction are more uniform; ply adhesion and bulk are 
improved. 

Stock flow on to the wire, sheet formation and factors affecting 
sheet transfer from the wire on to the press section have been 
investigated further. Lamb (40) has suggested a mechanism for 
spouting or stock jump, which can occur on high-speed Fourdrinier 
machines and concluded that spouting is best described as a splash 
resulting from non-uniform flow impinging on the wire, inception 
of spouting being largely dependent on geometric conditions. 
Mardon and his colleagues (41) have analysed the wake effect, 
ridge formation and spout development on the wire of Kmrdrinier 
machines and shown photographs of these disturbed conditions. 
Yih & Spengos (42) have investigated the growth of disturbances 
over and downstream from the table rolls and have presented a 
new analysis of the formation of rings from a thin layer of fluid 
attached to and rotating with the table rolls. 

Campbell (42a) has advanced a theory to explain sheet take-ofi 
at an open draw couch and interpreted the action of the suction 
couch in terms of a him of water forming between sheet and win- 
after the trailing sealing strip is passed; movement of the line ui 
separation and the initiation of breaks are examined, l ardiil (42b) 
has dealt with the practical aspects of this study and discussed the 
operating factors which influence the efficiency and ease of the 
transfer of the sheet. Howe d al, (43) have compared the actual 
couch draw, i.e. the percentage difference in speed between the 
couch and the first press, on two paper machines with the theoret- 
ical elongation of this part of the paper web, calculated from 
measurements of the angle of take-off, the work of separation in 
lifting the web off the wire and the stress-strain properties of the 
web at the couch moisture content, while Woodard (44) has pub- 
lished a modification of the Howe method for measuring the fon t 1 
uf stripping the web from the wire, together with some preliminary 
experimental results. Mardon et al. (7*5; have reported a stud\ "• 
the problem of the breaking and tearing of paper when it i> 
removed from various surfaces in open draw, covering spyt 
adhesion and skinning breaks; a theory of breaking and tearing i> 
formulated and shown to give good agreement with experiments 
results. Radvan & O'Blenes (40) have studied web adhesion, usinc 
laboratory sheets which were pulled otf a stainless steel plate at 
controlled angles at speeds approaching those on a slow paper 
machine; they also studied the initiation and spreading of tears 
and conditions governing the occurrence of self-healing breaks. 
Brecht & Fiihrlbeck (47) used a specially designed tester to appg 
a sudden tensile stress to paper strips of varying moisture content 
and found that, independent of moisture content, the essential pan 
of the stretch was effected almost immediately after the load "* l - 
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applied. 'iJie practical imp/icatiuus of the results obtained were 
discussed with reference to the draws on paper machines. 

Wilder (48) has studied the compression creep properties of wet 
pulp mats and correlated the results with an empirical compres- 
sibility equation, while Ingmanson el al. (49) determined the inter- 
nal pressure distribution in compressible mats and compared 
experimental values of internal pressure drop with calculated 
values, based on static measurements of mat compressibility. The 
flow equations derived were used to determine the porosity dis- 
tributions in fibre mats under fluid stress. 

Wah 1st rum (?>0) lias reported an 18-month study of water 
removal and moisture distribution in a 1200 ft. /min. newsprint 
machine suction press section in which detailed results were 
obtained on felt and paper properties and behaviour, and the 
influence of press nip conditions and other operating factors. As a 
result of this study a new theory of pressing is formulated and 
discussed. All the water that is removed from the paper is removed 
by compression in the in-going part of the nip, while in the out- 
going part water is transferred from felt to paper by capillary 
action. New methods for press evaluation are given. 

One of the major sources of difficulties in converting operations, 
particularly printing, is the dimensional instability of paper when 
exposed to changes in atmospheric humidity, the usual remedy 
advocated being the correct conditioning of the paper under 
conditions approaching those to be expected in the press room. 
Brecht & Pohl (-*>/) have now published an interesting studv with 
an experimental conditioner similar to a Ross cycling plant with 
two chambers in which air of controlled humidity and temperature 
is blown against both sides of the web. From results on moisture 
uptake, shrinkage and stretching of the web, blistering and other 
changes in sheet flatness, it was shown that up to now there is no 
wav of conditioning paper which renders it insensitive to changes 
in atmospheric' moisture content. After a sufficient number of 
conditioning eyries a steady state is reached, when the conditioned 
paper exhibits less stretch on moisture absorption but greater 
shrinkage during drying, due to the release of dried-in strains. In 
conventional conditioning equipment not designed for humidity 
cycling the moisture applied helps to release the strains, but the 
conditioned paper can only be expected to lie flatter than un- 
conditioned paper as long as atmospheric conditions catered for 
m the conditioning plant remain unchanged. Conditioning with an 
experimental atomiser in which the line droplets penetrate into the 
paper very rapidly was also studied ; development of such equip- 
ment would shorten the time required for conditioning. Hudson & 
Heinsius (.52) also studied humidity and water cycling and the 
eliccts produced by stretching the damped paper in the cross 
direction with subsequent hot drying under slight pressure. 
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Pulp and paper testing and properties 

Fibre bonding is the fundamental mechanism underlying the 
papermaking process and much effort has been directed towards 
its elucidation. The knowledge gained and some of the many 
problems remaining were discussed at the Symposium on the 
Fundamentals of Fibre Attraction and Bonding sponsored by 
TAPPI («53) (Appleton, September 1959). 

In a comprehensive discussion of work published on the physical 
nature of the libre-to -fibre bond, van den Akker ( 54 ) considered 
the architecture of the bonds, as revealed by light- and electron- 
microscopy, the molecular nature of bonds, bond formation, 
methods for estimating bonded area and techniques for evaluating 
bond breakage during or following the application of stress. 

Page & Tydeman (oo) have developed a method for the direct 
observation of fibre-fibre bonds, based on the fact that areas of 
optical contact between fibres can be seen with polarised vertical 
illumination, provided difficulties arising from the light reflected 
and scattered from surrounding and underlying fibres are elimina- 
ted by dyeing part of the fibres to give maximum absorption of the 
light used. Strong evidence was put forward that these areas of 
optical contact form the fibre-to- fibre bonds responsible for sheet 
strength. The bonds observed were classified into (1) those showing 
complete optical contact over the mutual area of two crossing 
fibres (typical diamond shape), (2) those clearly prevented from 
bonding over the whole of the mutual area by the intervention of a 
third fibre, and (3) those which do not show optical contact over 
the whole of the mutual area between two clearly observable fibres, 
but for which incomplete bonding cannot be explained. The im- 
portance of the surface topography of the fibres and local plasticity 
is discussed. A studv was also made of the behaviour of bonds in 
sheets under stress, which showed that both very gradual reduction 
of bonded area and extreme! v rapid fracture can occur. Some 
bonds were observed to diminish in size while under load at 
constant strain, while some partially broken bonds remained at 
constant area while the sheet was under stress at constant strain. 
The quite frequent occurrence even in unbeaten sheets of contact 
over virtually the whole area of crossing was noteworthy. 

Jayme & Hunger (-56') have continued their study of fibre 
bonding during drying, using steric electron microscopy. Thin- 
walled spring wood fibres were observed to collapse, but did not 
flatten out like ribbons, being shaped more like a double T-suppurt ; 
late wood fibres mostly preserved their original tube-like shape; 
the outer secondary wall showed wrinkles in an axial direction. 

Thode & Ingmanson ( 57 ) have investigated factors contributing 
to sheet strength by ball milling a bleached sulphite pulp, frac- 
tionating the fibres and determining the specific surface and 
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swollen specific volume on the handsheets obtained by different 
methods. Only the filtration resistance method satisfactorily 
accounted for the large surface area contributed by the fines 
fraction in beaten pulps. While swollen specific volume was found 
to be directly related to tensile strength through fibre plasticising 
effects, the determination of surface area and of the distribution of 
surface between whole fibres and fines was considered useful 
primarily for establishing how most economically to achieve the 
desired strength properties through beating, refining and the use 
of beater adhesives. Based on the concept of a constant dry fibre 
:irea a revised method for estimating relative bonded area was 
proposed and sheet strength properties correlated with revised 
values for bonded area. The constancy of relative bonded area 
determined at different wavelengths of light was taken to imply 
that areas in optical contact may not be significantly different from 
actual bonded areas and that the assumption of linearity between 
specific scattering coefficient and fibre area is reasonably valid. 

Swanson & Steber (5S) studied the relationship between fibre 
surface area and bonded area and tensile strength for three other 
papermaking pulps of widely different characteristics. They con- 
firmed the linear correlation between surface area estimated bv 
light scattering and by nitrogen adsorption methods, first shown 
for a single pulp by Haselton. The proportionality constant 
relating the two properties was used for calculating the absolute 
bonded area of the papers: this area at various degrees of refining 
and wet pressing correlated with tensile strength. The data 
obtained indicated that bond density (bonding strength per unit 
bonded area) increases with the degree of beating. The assumption 
of Thodc & Ingmanson of the constancy of the dry fibre surface 
area available for fibre bonding was found to be of doubtful 
validity for purified pulps. 

Robertson (59) has reported on the changes in tensile strength, 
stretch and caliper when wet webs were progressively dried within 
the range 10-50% solids content. The water associated with the 
fibres was measured at the same time bv different methods which 
violded a measure of different portions of the associated water and 
the firmness with which the water was held by the fibres. A critical 
solids content which marks the disappearance of ‘free’ water was 
found and a distinct difference was observed in the behaviour of 
virgin pulps and pubs which had previously been dried. The pre- 
liminary results reported suggest that the fibre properties which 
contribute to wet web strength may be assumed to be hydro- 
dynamic specific volume of the fibres, specific surface, flexibility, 
hbre length and dclignification. 

Brecht & Erfurt (fiO) have described a new tester for determining 
the stress-strain properties of paper with a solids content in the 
J'ange 13-110% at constant strain rate. The tester was used to study 
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the influence of dry content, fibre swelling, beating, fibre length 
and fines content and furnish on breaking load. An overall picture 
of strength development was suggested: this involved interfibre 
friction, surface tension and formation of interfibre bonds a I 
different moisture contents. 

Ranger & Hopkins (67) critically analysed evidence in favour of 
interfibre bond failure, as opposed to fibre failure, and made an 
attempt to describe the tensile behaviour of paper on the basis of 
the predominance of fibre failure. The proposed mechanism of 
bond failure during plastic straining also serves to explain the 
phenomenon of strain lines. 

A creep-measuring apparatus and a study of the viscoelasticity, 
creep and creep recovery of paper, covering the influence of fibre 
length, beating, wet pressing, drying under tension and moisture 
have been described bv van Royen (6' 2). A working hypothesis tn 
explain creep and creep recovery is suggested, but the author 
concludes that some ten parameters, all dependent on manufactur- 
ing variables and fibre composition, would be needed for a complete 
mathematical description of paper behaviour. 

The structure of paper has been analysed by Kallmes & Corte 
(63), structure being defined as the geometric arrangement of the 
fibres and interfibre spaces or pores. Paper was conceived of as 
consisting of a pile of thin layers, i.c. two-dimcntional sheets of 
which the geometric elements are plainly visible. The structure nf 
these sheets is described in terms of the means and distributions nf 
eight geometric properties, which are closelv related to the 
mechanical, optical and porous properties of paper. The equations 
are derived from probability theory and can be evaluated in terms 
of the number of fibres in a sheet and their dimensions. The 
equations were verified experimentally. 

The role of polysaccharide additives in interfibre bonding was 
studied (67) by the absorption and retention at different dosage 
levels of a variety of starches and starch derivatives, compared 
with a high-viscosity polyvinyl alcohol and a polyethylene glycol. 
The influence of pretreatment of the pulp with guar gum was also 
determined. Burst and tensile strength and elongations values 
served as criteria of effectiveness of the additives. Different 
starches had different degrees of retention. The gains in sheet 
strength did not always parallel the amount of starch retained, hut 
both retention and strength improvement were influenced by gum 
pretreatment. The study produced interesting evidence regarding 
the influence of additive structure and molecular weight on 
sorption and retention. 

The effect on paper wet strength of various oxidised starches 
added at the wet end has been studied bv Mellcr (05a), wh" 
ascribed their wet strengthening effect mainly tn carbonyl func- 
tional groups. An increase of up to l(j u 0 in the quantity of oxy- 
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starch increased wet strength. Prolonged soaking of treated sheets 
slowly decreased wet strength and the carbonyl oxystarches 
appeared to be sensitive to both acid and alkaline solutions, and 
when degraded their beneficial effect on dry strength was impaired. 
Meller (6\>6) has also investigated the effect on paper wet strength 
nf the oxidation of the carbohydrate polymers in an eucalyptus 
sulphate pulp. 

Jones el al. (66) have examined a series of periodate-oxidised 
maize starches, ranging from (MO to 06% conversion to dialdehyde 
chain products, and a selected group of oxystarches from other 
grain starches, as beater adhesives, deflocculating agents and 
surface sizes. No improvement in uniformity of formation was 
secured with oxystarches and retention was low. When used as 
surface sizing agents, the oxystarches produced high dry and wet 
strength. Experiments to establish optimum conditions for the 
development of wet strength with dialdehyde starches dispersed 
in presence of sodium bisulphite, have been reported by Hofreiter 
dal. (67), who found that manner of dispersion of the starch, use 
of alum and pH governed the retention obtained, and achieved 
excellent wet strength and improved dry strength with 0-5-10% 
application of the additive. Dittmar & Stein (68) have reported 
retention values for potato, maize and rice starches and discussed 
the retention mechanism and possible influence of the amvlose and 
amylopectin components. 

A sorption study has been made (61)) with a partially methylated 
locust bean gum, in which gum retentions were determined 
directly by a radiochemical tagging technique. Experiments were 
carried out to determine the effect on rate of sorption of the 
variations in time, gum concentration, temperature, degree of 
agitation and pulp specific surface area. In general, both rate and 
amount of sorption are direct functions of specific surface. The 
major rate-controlling factor is a dilfusional transport step bringing 
the gum molecules from the bulk phase of the solution to the 
surface of the fibres. 

Despite the importance of the problem, data available on the 
influence of the moisture content on the properties of paper and 
hoard are far from complete. New testing equipment to measure 
the rate of dimensional changes in paper strips at controlled 
humidity and temperature has been described by Brecht & Hilden- 
brand (70), together with a systematic study to clarify the influence 
of furnish, beating, fibre orientation, drying and dried in strains 
on moisture expansion. This was found to depend much more on 
beating than on furnish, groundwood excepted. Fibre orientation 

dx’wAAw s\Vc\\\ys were w\so \w\yoiVcvTvV. Vun\\s\\ Womcs im- 
portant, however, if dimensional stability is desired together with, 
j'S'' tensile strength, when hard pulps, which require less beating 
or strength development, are superior to soft pulps. High lignin 
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content slows down moisture expansion, and tension during drying 
can reduce moisture expansion considerably or, in extreme cases, 
even produce shrinkage on damping. The signilicance of the results 
is discussed with particular reference to the evaluation of the 
dimensional stability of printing papers. 

Brecht (77) has also discussed the moisture sorption and de- 
sorption behaviour of paper and given graphs showing the moisture 
content at varying relative humidity levels for a number of pulps 
and papers. A survey is made of the influence of the moisture 
content on the strength properties of paper, degree of sizing, 
smoothness, especially after calendering and storage, the electrical 
properties, tendency to dusting, dimensional stability, blistering 
and curl. 

Methods investigated for imparting dimensional stability to 
cellulosic products such as paper include catalysed heat treatment, 
formaldehyde cross-linking (72) and cvanoethylatiun (73). The last 
process is also reported to produce improved resistance to ageing, 
rot and acid; heat resistance is increased and dielectric strength 
and tensile strength retention are prolonged (74). 

Finally, reference must be made to a valuable comparative study 
of stiffness testers (75a) and the development of a method for the 
quantitative evaluation of the handle’ of paper. Brecht fit Muller 
(75b) have carried out an extensive series of tests in which sub- 
jective evaluation of ‘handle’ was correlated with thickness, hulk, 
smoothness, hardness, elastic and superelastic rigidity and breaking 
load measurements on a large number of papers. The expression 
(bending rigidity) 2 , thickness was found to give optimum correla- 
tion. especially with a bending angle of 30' (Sehlenker tester). The 
study also covered the influence on handle of basis weight and 
sheet density as affected, e.g., by wet pressing and calendering, 
fillers, furnish, beating and sizing. 

An important conference on statistics and its application in the 
pulp and paper industry was held in Helsinki in May HhlO, but 
the Proceedings have not yet been published, although several 
papers have .already appeared in the periodical literature { 7 6). 


Auxiliaries and specialties 

In the field of auxiliaries, the work on wet strength resins and 
starch products has already been mentioned. Reference should, 
however, he made to a paper (77) on ‘active aluminium hydroxide’, 
which appears to improve both the drv and wet strength of hand- 
sheets made from unbeaten or partly beaten pulp. The active 
hydroxide can be precipitated on to the fibre or can be preformed 
and then added to the pulp. Dry-strength improvements do not 
surpass those obtained by beating, but sheets loaded with clay 
can be made which, by adjusting filler quantity, have improved 
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strength at the same opacity or improved opacity at the same 
strength. 

A considerable advance has been made in the synthetic paper 
iield with the development of fibrillating acrylic, polystyrene and 
other synthetic fibres described by Arledter ( 78 ). This development 
permits the use of conventional papermaking techniques for syn- 
thetic fibre floes ; heat- and pressure- bonding are, however, essential 
to develop the full strength properties of the sheet, although for, 
e.g M absorbent papers this heat-pressure-bonding step need not be 
carried to conclusion. Another advantage of the new fibres is that 
fillers, sizing agents, colours and other wet end additives can be 
employed in the normal manner. Numerous examples demonstrate 
the characteristics of the new' materials obtainable. 

The results of development work with Dynel and Fiber-B fibres 
have been reported by Brissette & ELdred ( 70 ). Although it is 
possible to bond dry 100% Dynel sheets, by passing through a 
calender heated to 300°i« and with a nip pressure of several hundred 
lb. per linear inch, use of propylene carbonate solvent gives good 
bonding at reasonable temperatures and pressure. Fiber-B sheets 
can be bonded by damping the sheet to 20-30% moisture content 
and running the wet sheet over drying cylinders. Blending w'ith 
cellulosir. fibres facilitates machine operation. Some Dynel fibres 
have outstanding wicking properties, advantageous for filter 
papers, and papers from 75% Dynel are claimed to be 
self-extinguishing. Bonding in polythene coating can be im- 
proved by incorporating as little as 2 -10% of Fiber-B (on weight 
of paper). 

A readily dispersible new rayon fibre, RD-101, which can be 
formed into a web on a modified Fourdrinier machine, a cylinder 
machine or Kotoformers, lias been described ( 80 ). Fibres with low 
or high bonding strength are offered, the lower bonding types 
giving soft, opaque sheets, while other types give strong, crisp, 
scuff-resistant sheets. Zinc chloride after-treatment gives an ex- 
ceptionally strong and still sheet. 

A most interesting summary of data obtained on the inter- 
relationship of the physical properties of synthetic fibre papers 
with (1) the mechanical variables of fibre length and diameter and 
sheet basis weight, and (2) the physical properties of the fibres, has 
been presented by Hcntschel (81 j. Tensile strength increases with 
fibre length, reaching a maximum characteristic of the fibre used. 
Hie length at which the maximum is reac hed is directly dependent 
»m fibre diameter. Tear strength increased essentially linearly as 
length increased, the highest level of tear strength being associated 
with tlie largest fibre diameter. Tensile and tear strength also rose 
1° :i constant level as the basis weight of the sheet was increased; 
;i Kain the basis weight at which maximum strength is reached is 
dependent on fibre diameter. Paper tensile strength was shown to 
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be linearly related to fibre tensile strength and paper elongation at 
break was linearly related to fibre elongation at break. 

A new inorganic fibre, fibrous potassium titanatc, has been 
described (52). An aqueous dispersion can be formed into sheets by 
pressure or vacuum filtration. The material is promising as filter 
medium, gasket material and for thermal, acoustic and electrical 
insulation. It blocks infra-red radiation, so providing an effective 
radiation shield. Thermal insulation is obtained at temperatures 
up to 2200 'f. 
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By R. L. WORMELL, Ph.D., M.S c M F.R.I.C., F.T.I. 

(Birmingham University) 

From the literature of the period under review, one theme appears 
to be reiterated: that protein fibres possess some parts which are 
crystalline and others which are amorphous. At first sight this 
seems like a mere restatement of the old ‘micelle' theory; but 
whereas the old view regarded the differentiation as being largely 
fortuitous, it is now clearly seen to arise directly from localised 
differences in amino-acid composition and structure. The period 
has also coincided with two important events: the Second Inter- 
national Wool Textile Research Conference, and the Jubilee Con- 
ference of the Textile Institute, both held in May 1960, At the 
latter, Professors J. B. Speakman and W. T. Astbury gave useful 
resumes. The writer, from his experience with regenerated proteins, 
believes that protein fibres are composed of corpuscular centres, 
the so-called amorphous regions being held together by sections of 
orientated and parallelised polypeptide chains, and it is interesting 
to find Prof. Astbury conceding that ‘the more we see now of 
biological fibres, especially in the electron microscope, the more 
often they appear to have a corpuscular or string of beads basis, at 
least at some stage of their genesis’. 

Protein structure 

The recognition of the a-helix as a salient feature of protein 
structure was a noteworthy advance which prompted its extension 
towards the concept of the 'coiled coil* in keratin (7), but the idea 
is now in recession; it seemed at first to offer some hope of a 
structure in accord with A- ray diffraction results, but the 
equatorial reflection at 27a, which Pauling and Corey considered 
crystallographic, has now been accounted for bv the accepted 
micro-fibrillar structure, of which A r -ray meridional reflections 
indicate a probable periodicity of 25 a (2), Also the A cable is 
irreconcilable with a reversible cc-fl transformation, because the 
straightening of the polypeptide chains would still leave them 
twisted round each other. Skertchly 6c Woods (5) have found the 
existence of an intermediate state which is not sufficiently well- 
ordered to contribute to either the 10A or T6&A equatorial peaks of 
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the transformation. The possibility of packing coiled helices 
without their forming twisted cables is also pointed out. 

In connexion with the elastic properties of various kinds of silk, 
it has been demonstrated (4) by a series of amino-acid analyses that 
the more easily extended disordered regions of fibroin are rich in 
the amino-acids with long side-chains, while the well-oriented 
polypeptide chains in the crystalline regions consist of alternating 
residues of glycine and alanine or serine. These ideas have been 
extended to keratin (5), and it is suggested that short side-chains 
may preponderate in the crystalline regions of the protein. 
Skertchlv (6) has found that finishing treatments of the urea 
reducer 'type, which impart permanent set, do not appear to 
influence markedly the stability of the crystalline helical com- 
ponent in the keratin complex, while Andreeva (7) divides known 
protein configurations into two groups: those insensitive to amino- 
acid sequence, and those determined specifically by the arrange- 
ment of the amino-acid residues. A clue to the amino-acid sequence 
in the crystalline portions of keratin is suggested by Onions et al 
(5), who observed differences in intensities of A -ray reflections at 
198a associated with the natural a-structures. I here has been a 
resurgence of interest in the cross p-structure (9), but the general 
conclusion is that no completely satisfactory molecular model has 
as yet been produced. 


Analytical techniques 

There continues to be a widely felt concern about the sulphur 
balance of wool {10). Thus Maclaren et al. {11) are dissatisfied with 
present methods for estimating disulphide and sulphvdryl groups 
in insoluble proteins; they believe that errors arise, especially 
during the preliminary hydrolysis, and they therefore devise new 
non-hydrolytic methods. A new analytical method for determining 
the extent of reduction in wool has been developed by Schobcrl 
(22) and a quick and smooth reaction between sulphvdryl groups 
and vinyl sulphones has been standardised by model experiment? 
with cystine. Lane and his colleagues {13) have found seven S- 
labelled compounds in addition to 33 S-cystine and “S-methiommj 
in acid hydrolysates of wool. From a similar study of 3o S-labellet 
oxidised wool the authors conclude that the cystine in wool cannot 
be accurately determined as cysteic acid after oxidation of the wool 

with peracetic acid. . . 

The tryptic hydrolysis of a-keratose {14) has allowed the isolation 
of the free amino-acids arginine and lysine, eight dipeptides o 
either arginine or lysine, two tripeptides, a pentapeptide anfl 
possibly a hexapeptide. Bradbury {15) has isolated a sample ; o 
cuticle-rich material which contained 27% more proline and W :o 
less dibasic acids than the parent wool. 
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Wool 

The efficiency of dieldrin has again been proved both in the field, 
for control of blowfly strike (16), and in the dye-house as a per- 
manent mothproofing agent (17), where its protective efficiency 
exceeded 94%. Another biological factor is bacterial discoloration, 
concerning which Fraser & Truter (IS) conclude that the defect 
will occur only if the fleece contains adventitious bacterial nutrients 
which arise through damage to the hypersensitive skins of suscept- 
ible sheep. 

Fine structure 

An explanation for the mechanical properties of keratin has 
generally been sought in terms of molecular structure but some 
authors believe that the details of load-extension curves arise from 
the nature of the microfibrillar-matrix units. Alternative X and V 
zones along microfibrils are proposed. The former are crystalline, 
but the hitter are regarded as being heavily cross-linked possibly 
to themselves and their surrounding matrix; their bulky side- 
chains also supply a measure of stcric hindrance (19). Another 
suggested model is based on the view that the contractile structures 
of the fibre are not cross-linked by disulphide bonds, but are 
embedded in material containing inter- and intra-molccular di- 
sulphide bonds (the matrix), the rate of plastic deformation of the 
latter being affected by sulphydrvl interchange (20). The bilateral 
nature of the wool cortex continues to be a focus of interest (21). 
Satlow (22) contends that differences in the reactivity or number 
of disulphide bonds may account for asymmetry; he has perfected 
a rapid and simple method of detection. On the other hand it is 
suggested (23) that the phenomenon may be due to differences in 
accessibility, rather than to quantitative chemical differences. The 
solubility of the two bilateral fractions has been studied (24). The 
ortho-cortex is the most readily dissolved and is thought to contain 
intra-chain disulphide linkages. Elect roil -microscopical studies of 
the cuticle before and after the deposition of metal sulphides have 
revealed the distribution of chemically active groups and provided 
pictures showing a marked degree of contrast (25). Staining and 
microscopical studies of coarser wools have demonstrated the 
presence of a core that is more basophilic than the ortho-cortex, 
and which it is proposed to call the meta-cortex; the meta-cortical 
cells appear to be deficient in sulphur (26). 

Chemical properties 

There was a time when chemists and physicists were at logger- 
lieads about the combination of acids with keratin; the former had 
demonstrated the quantitative basic reactivity of amino groups, 
whereas the latter had denied the possibility of large molecules 
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penetrating the crystalline structure of well-ordered polypeptide 
chains. It has now been found that the units of fibrous proteins are 
more extensive than was originally realised and both chemists and 
physicists are now reconciled to the idea of ordered zones with 
short inert side-chains, connected to amorphous regions comprising 
polar-groups. These latter may be either acidic or basic, and the 
quantitative prediction of their behaviour has been accurately 
described either by the Gilbert & Rideal theory, or by the Donnan 
equilibrium. The former has recently been further elaborated (27), 
and titration curves have been plotted for acids absorbed by wool 
from solutions containing organic solvents (25); the diffusion of 
sulphonic acids into keratin in the presence of water and alcohol 
has also been studied (29). Carbonisation has been found to cause 
a specific increase in the number of serine and threonine end groups 
(59). Neutralisation of the stoved wool up to pH 8*6 effects a 
recovery of serine and threonine peptide bonds, and the complete 
neutralisation of carbonised wool is recommended. 

Keratin may be solubilised either bv reduction or oxidation (31) 
but despite the disruption of disulphide bonds in many different 
ways, there is no conclusive evidence that a reproducible and 
homogeneous protein component has been isolated (52). Sedimenta- 
tion and light-scattering studies on soluble fractions have shown 
that their aqueous solutions are polvdisperse with varying molecu- 
lar weights and polarities. Thompson & O'Donnell (55) believe that 
performic acid is preferable to peracetic acid for oxidative 
solubilisation. 

Considerable interest has lately centred on the yellowing of wool 
following heating, irradiation, oxidation and other causes. When 
fibres were sulphonated, treated with aluminium sulphate, or a 
mixture of borax and boric acid, or of T.H.P.C. and urea (34), they 
were less susceptible to yellowing at 200°. It is believed that 
yellowing is due to cystine breakdown, but an intense discoloration 
may involve tyrosine residues (5-5). The measurement of yellowing 
has also been considered (36), and the damage found to increase 
with pH. Earland et al. (37) have found that many proteins become 
coloured by oxidation, and that this process show's similarities 
with that caused by irradiation. Wool damage has been further 
assessed by use of an alkaline thioglvcollate extraction technique 
(3H), which has been compared with the alkali solubility method. 

Wool has been modified chemically by cvanocthylation, benzyla- 
tion and formalisation under tension (5.9), while the sulphydry! 
groups in reduced fibres have been reacted with bifunctional di vinyl 
sulphones, dimethyl maleate, A r -£-phenetylmaleinimide to give 
stable thio-ether bonds (40). There is thought to be a direct correla- 
tion between the sulphydrvl content of wool and the formation of 
lanthionine (41 ) ; this latter is assumed to follow from a side- 
reaction occurring simultaneously with disulphide exchange cross- 
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linking. The reactivity of iV-mercaptomethyl-poIy-hexamethylcne- 
adipamide disulphide has been compared with that of keratin (42 ) ; 
it has been demonstrated that the failure of oxidised wool to 
undergo exchange reactions is not inconsistent with the fibres 
containing sulphonic acid groups. 

Dyeing 

The use of reactive dyes continues to be investigated. For 
example, the fastness properties of Procion dyes have been con- 
sidered in relation to the practical dyeing of wool and wool/ 
cellulose unions, and the application of the dyes from dyebaths 
containing solvents (43, 44). By applying an indicator-dye it has 
been shown that an increased acid-dveing rate can be obtained in 
the presence of alcohols, while an increased basic-dyeing rate could 
only be obtained with the assistance of organic amines. Dyeing 
rates have also been studied in relation to surface properties, and 
the causes of some variations have been elucidated (45), It has been 
claimed that brighter shades may be obtained at sub-boiling 
temperatures (40), because the yellowing of the fibres is then 
avoided. Harrap (47) has been able to dye wool in 1-2 minutes, at 
room temperature, by substituting 85% of anhydrous formic acid 
for the water which is normally the basis of a dvebath. 

Shrinking and felting 

Wool fibres have been chemically modified in many different 
ways in order to reduce their felting shrinkage, and a comprehen- 
sive survey of this field has been made by Xitschke (48). The writer 
feels that the best procedure is to impregnate the fibres with a 
diacyl chloride, and then to immerse them, at room temperature, 
in an aqueous solution of an appropriate co-diamine. The reaction 
is very rapid, the reagents readily available, and a polyamide is 
deposited in the macro- pores of the wool. Because polyamides are 
structurally related to proteins, the handle of the material remains 
soft and attractive. This process shows similarities with that with 
thiazolid-2,5-dione, where polyglycine is formed in the fibres (^.9). 
ft is claimed that ‘spot-welding' is unlikely to be an important 
feature in the process (50). The efficiency of shrink-proofing is said 
to be matched by the severity of surface modification observed by 
microscopy (51), and this applies to all treatments in which there 
is little or no attack on the whole fibre. Regarding the physical 
properties of felts, a comprehensive tensile strength, density and 
modulus index has been proposed for the measurement of felt 
quality (52). 

Wool scouring 

Experiments designed to compare the processing of solvent- 
degreased wool with that obtained by soap- soda scouring have 
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been described (53). It has been shown that card and comb pro- 
duction rates considerably higher than normal are possible with 
solvent-degreased wool, and that a higher combing tear and a 
better top can be produced. Nitschke (54) recommends that scoured 
wool should retain not less than 0'5% wool grease, since this has a 
beneficial effect due to hygroscopicity. The quantitative, chromato- 
graphic analysis of suint extracts from raw wool has shown the 
presence of volatile acids, higher fatty acids, dicarboxylic acids, 
hydroxy- and keto-acids, aldehydes, sugar acids, phosphorvlated 
sugars, polypeptide material and urea (55). Many advantages over 
conventional methods are claimed for a process in which raw wool 
is cleaned by anaerobic fermentation (56). 

Silk 

Glycine with isotopic carbon in the C(d position has been injected 
into silkworms, and the fate of the amino-acid followed by tracer 
techniques (57). The direct conversion of glycine to serine and also 
to alanine was thus demonstrated, the labelled carbon remaining 
in the C( t ) position. With the same technique it has been shown 
that formate carbon is used bv the organism Bombyx mori for the 
synthesis of glycine, where the labelled carbon goes into both C( I} 
and C( 2} positions (58). The biosynthesis of silk fibroin with isotopic 
carbon has also been studied in Japan (5.9), where the conversion 
of glyoxylic acid to glycine has been traced. When alanine 14 C( 1 j 
and glycine- 14 C (l j were injected for synthesis in vivo, the N- 
terminal amino-acids showed a radioactivity seven times that of 
the non-terminal acids (60). By a radiochemical technique, fibroin 
synthesis by ribonucleic acid metabolism in the silk gland was 
indicated (67). The light resistance of silk fibroin is said to be 
greatly improved by methylation with diazomethane (62), while 
irradiation with y-rays in vacuo is claimed to improve dynamo- 
metric properties (63) and to increase the viscosity of fibres dis- 
solved in cuprammonium solution. 

Regenerated protein fibres 

Large enterprises retain a certain momentum, and when in 1H57 
the commercial production of ‘ Yicara' and ‘Ardil* ceased, there was 
for a time a continued publication of work previously in hand. 
During the period under review there has been a marked diminution 
in the quantity of such literature references, although further 
researches on the denaturation of groundnut proteins have been 
reported (64). Fibres from milk-casein were first in the field and 
still stay the course. Courtaulds Ltd. produce ‘Fibrolane’ for both 
carpets and felts, and the physical properties of the fibres have been 
improved with the appearance of ‘h'ibrolanc XL'. Resorcinol has 
again been used for cross-linking, and Genin (65) finds that it ^ 
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best to use a forraaldehyde/phenol ratio of more than 12 : 1. The 
author has fractionated milk-casein into a and p forms, the p 
variety giving the stronger fibres. The use of heavy metal salts as 
tanning agents continues to be studied and a modification of 
chrome-tanning has been protected ( 66 ). Specific types of zirconium 
salts, which have the great advantage of being colourless, are also 
being investigated (67). 

References 

fin the following, ‘Conf. I960' refers to the Second Quinquennial Wool Textile 
Research Conference, held in Harrogate, May l MO, by the Textile Institute. : 
(/) Skertchly, A., & Woods, H. J., Conf. 1900 

(J) Sikorsky, J., & Woods, H. j., Conf. 1990; Simpson, W. S., & Woods, 
H. J . , Nature, Land., 1990, 185, 137 
(3) Skertchly, A., & Woods, H. J., Conf. 1990 

(V) Lucas, F., Shaw, J. 'I', lb, & Smith, S. G., ftiochem. 1957, 66, 408 
(.J) Ghosh, R. C., Holker, J. lL, & Speakman, J. B., Text. Res. J., 1958, 28, 
112 

(tf) Skertchly, A., Conf. 1900 

{7) Andreeva, A. S., J . Polym . Sci., 1959, 38, 505 

[A) Onions, W, Woods, H. J., & Woods, P. B., Nature, Land., 1900, 185. 
157 

(,'/) Peacock , N ., Jiioihiui. biophys, Ada, 1959, 32, 220; Astbury, W. T., 
Beighton, E., & Parker, K. D., ibid., 1959, 35, 17; Pautard, F. G. E., 
& Speakman, P. T., Nature, Loud., 1900, 185, J70 

1 10) Glynn, M. V., Text. lies. J., 1958, 28, 744; Wibaux, G., Mazingue, G. ( & 

van Overbekc, M., Mult. Just, text., Tr., 1900, 86, 41; Pigache, P., & 
Bisertc, G., ibid., 1959, 80, 93; Schoberl, A., Pextil-Praxis , 1959, 
14, 70! 

111) Madaren, J. A., Leach, S. J., & Swan, J. M., Conf. 1901* 

U2) Schoberl, A., Conf. l%o 

(Jti) Lane, 13., Robson, A., & Tiler, K. M., Conf. 1900 
(14) Fell, M., La France, N. H., & Zeigler, K. L., Conf. 1900 
(/-i) Bradbury, J. H., Text. Jies. J., i960, 30, 128 

! }(>) Sinclair, A. N. p & Gibson, A. J. I*'., .4wsf. vet. J., 1939, 35, 420; Carman, 
G M., J. Auisu. Sci., 1900, 19, 34 

I/?) Norton, R. J., Capellc, A., & Edmond, S. D., J. coiup. Put., 1958, 51, 887 
iM) Fraser, I. K. 13., & Truter, E. V,, Conf. 1900 

\W) Fcughelman, M., Conf. 1960; I'eughelman, M., & Halv, A. R., Text. 

Res. /., 1960, 30, 305; Kolloidzschr., 1900, 168, 107 
1 20) Crewther! W. G., & Dowling, L. M„ Conf. 1900 
(2/j Ritter, R., & Toinopulos, K., Naturwissc nchaftc 1 1 , 1959, 46, 234 

(22) Satlow, (»., Z. ges. Textilind., 1939, 61, 497 

(23) Ryder, M. L. ( Quart. J. tuicr. Sci., 1959, 100, 1 

(2/j Dussenbury, J. H., Conf. I960; Lcveau. M., Bull. lust. text. Pi.. 1959, 

79,01 

(24) Sikorsky, J„ & Simpson, W. S., Nature, I.oud.. 1958, 182, 1235; Conf. 1900 

(26) Brown, T. D., & Onions, W. J., Nature, I,ond., 1900, 186, 93 

(27) Peters, L., Conf. 1900 

(2#) La rose, P., & Donovan, K., Conf. 1960 
(29) Medley, J. A., & ltamsdcn, D. K., Conf. I960 
W) Hille, H., & Zahn. H., Conf. I960 

! 47) Savigo, W. E. ( Text. Res.J., 1900, 30, 1 ; Gillespie, J. M., .•!«>/. J. hiol. Sci., 
I960, 13, 81 ; Woods. E. F., ibid., 1959, 12, 90 
(4*2) Gillespie, J. M., O’Donnell, L J.. Thompson, lb O. P., A Woods. K. 1.. 
Conf. I960 



360 REPORTS ON THE PROGRESS OF APPLIED CHEMISTRY 


(33) Thompson, E. O. TV. & O'Donnell, 1. J., Aast.J. hiol. Set., 1 950, 12, 4'ju 

(34) Hell, J. \Y., Clegg, D., & Whewell, C. S., Conf. 19ft0 

(35) Norton, G. P., & Nicholls, C. H. ( Conf. I960 

(36) Lennox, F. G., Conf. i960; Text. Res.]., 1959, 29, 906 

(37) Earland, C. p Stell, J. G. P., & Wiseman, A., Conf. 1960 
(35) Wegjan, K., & Frohlich, II. G., Text. Res. J., I960, 30, 73 
(39) Oku, M., et al., Conf. 1960 

(30) Schoberl, A., Conf. 1960 

(JJ) Zahn, H., Kunitz, F. \Y., & Hildebrand, D., Conf. 1960 

(42) Earland, C. t & Raven, D. J., Conf. 1960 
(Jo) Hadfield, H. R.. & Lemin, D. R., Conf. 1960 
(44) Karrholm, E. M.. Conf. I960 

(43) Kopke, V., (Sr Xilssen, B., Conf. 1960 

(■iff) Schmitt, C. H. A., Anter. Dyest. Rep., 1959, 48, (18), 40 
(47) Harrap, B. S., J. Soc. Dy. Col., 1959, 75, 106 
Nitschke, G., Dtsch. Textiltech., 1900, 10, 75, 153 
[40} Wormell, R. L., unpublished observation 
(60) Bradhury, J. H., A* Feeder, J, D., Text. Res. J. 1960, 30, 118 
(o’) Bradbury, J. H., Conf. 1960 
(62) Baines, A., Barr, T., & Smith, R. L., Conf. i960 
{6-V, hipson. M., 6c Walls. G. W., Conf. I960 
(53) Nitschke, G., Forschlust., Textiltcchnol., 1959, D4, 31 
(-55) Howitt, F. O., & Preston, R., Conf. I960 
(.56) Buswell. A. M . E S P. 0.86*5,7 1ft 

{67} Bricteux-Gregoire. S., Yerlv, W. (i., & Florkin, M., Suture, Loud., 195s, 
182, 1515 

{•56 1 Bricteux-Gregoire. S., & Yerlv, W. G., Xature, I.ond., 1958, 182, 1515 
(-59) Shimura, K., Fukai, H., Suto, $., & Hoshi, R , J. Hiochem. Tokyo, 1958, 

45, 481 

( 60) Shimura, K.. Kobavashi, H., Hoshi, R., & Sato, I., J. Hiochem. Tokyo , 
1959, 46, 849 

1 64) Takeyama, S., Ito, H., 6c Miura, Y , Riochim. biophys. Acta , 195s, 30, 933 
(6‘2t Kuwamura, T., Nakamura, Y., Ito, H , & Negishi, M., /. Soc. Text. 
Cellulose Ind. Japan, 1959, 40, 191 

1 63} Arifov, L\ A., et a!., Dokl. Akad. Sauk. Uzbek. S.S.R., 1958, 6, 5 (Cheoi. 
Abstr., 1959, 53, 10773 h) 

<64 1 Williams, R. K., 6c Nai smith, W. E. F., J. Polym. Sci., 1959, 35, 4ft5, 175 
1 55) Genin, G„ Lait, 1956, 36, 399. *276 (Chcm. Abstr., 1958, 52, 21 123 g) 
i 06) Courtaulds Ltd., B.P. 805,508 
1 67) Courtaulds Ltd., Fr. P. 1,234,375 

Supplementary Bibliography 

Protein structure 

Structure of i-keratm. Fraser, R. D. B., MacRae, T. P., & Rogers, G. E 
Conf. I960; Xature, Land., 1959, 183, 592 
Optical rotation and infra-red spectra of some polypeptide and protein films. 
Elliott. A., Hanby, \Y. E., & Malcolm, B. R., Disc. Faraday Soc., 1958, 
25, 167 

Analytical techniques 

Methods of detection of Si-Ro-Set treatment in wool fabrics. Gerthsen, T„ & 
Zahn, H., J. Soc. Dy. Col., 1959, 75, 604 
Tryptophan in wool. Graham, D. K , 6c Stalham, K. \Y,, Text. Res. J ., 1969, 
30, 13ft 

Tryptophan content of weathered wool and mohair, and of morphological ly 
deviating wool. Veldsman, D. P,, Cheat. 6* tnd., 1959, p. 878 
Amino-acid composition of a aulphur-rnh protein from wool. Gillespie, J. M » 
& Simmonds, D. H., Hiochim. biophys. Acta, I960, 39, 538 



PK0TK1N FIBRES 


361 


Wool 

Biological factors 

Cystine and glutathione reductases iu the clothes moth, Tinea! a bissellietta. 
Downing, R. F., & Irzykievvicz, If., Aust. /. hiol. Sci., 19(10, 13, oil 

l-'ine structure 

Setting properties of keratin libres in relation to structure. Stoves, J. L,, 
Conf. loco 

Kinetics of keratinisation, and the morphogenesis of keratinous libres. Kasscn- 
bcek. i\, Bull. Inst, text., J : r.. 1959, 83, ib 
Some aspects of the .structure of the inner root sheath of hair follicles revealed 
by light and electron microscopy. Rogers, C. K , Cxf Cell AY.:., 1958, 14, 


( itcuma! fro pet ties 

Action of copper amines on wool. Whcwell, C. S , Ashworth, j .. & Srinivassan, 
V, R., Text. lies, j 1959, 29, 3K(j 

Photo-chemical Iwliaviour of wool. Hildebrand, D., Z. gcs. Tcxtilind., 1959, 

61 , m 

Studies on wool. IV. Hydrolysis of wool by crystalline papain. Pigache, 1’., 
A Biserte, G.. Bull. Soc. Idol., Paris, 1958, 40. 591 
Determination of damage to wool fibres. Brown, ]. C, J . Sac. Dv. Col., 19.5!', 

75, 1 1 

Applicability of the alkaline thioglycollate extraction test for detection of 
wool damage. Wegjan, K., A Frolich, H. G., Text. Pcs. /.. 19<in. 30, 73 
Kited of lieat on solubility of wool. Gianoia, G,, ileycr, (),, & Grillot, K., Bull. 
Inst. text. /•>., 1959, 79, J5 

Acrylonitrile-stabilised wool keratin derivatives. If. Development of repro- 
ducible preparation from cortical cel! residues. Bartulovicb. J. J., 
Toimmat.su, Y., A Ward, W. II, Cord. I9(9i; Text. Res. J., 1959, 29, 593 
Di gradation of evstine in elhvlamine solution. Flliotl, R. 1„, Asquith, R. S., 
& Hoi 'son, M. A.. Conf. itmii; /. Sac. Dv. Col., 1958, 74, 859 


Dyeing 

Adsorption of non-ionic dyes bv wool. Bird, C. I... A Firth, J. M , Conf. 19lil) 
Shrinking and kiting 

Kttect of temperature on felting and dyeing properties of wool. Graham, 
D. K., ec Statham. K. W., /. Sac. Dv. Col., 1959, 75, 3Sf»; Text. Res. J., 
I WO. 30, 151 

t lean boiled hospital blankets. Pressley. T. A., Conf. 1%0 
Chemical action of < arrolting agents on fur. Frolich, H. (>.. Conf. 19*>0 
Washable non-iron fabrics from wool. Fa rn worth. A. J.. Upson, M., & McPhec, 
J. R., Conf. P.h'iU 

Felting of South African merino wools. Veldsman, P. I’., & Kntzmger, C‘. C., 
Conf. 1 tH',11 


Scouring 

C onstitution of suint. 111. The colouring matter. Fraser, l. F. B., & Iruter, 
IT V., Conf. 19(H) 

Solvent scouring for raw wool, C.S.I.K.O., Dyer, Loud., 1900, 123, 504 
Control of detergent power of raw wool scouring bowls. Roosch, M., & Spor- 
tier. J., MeUutnd Tc.xtilher., 1990. 41, 433 
Determining fatty matter in wool top. van Overbeke, M. f Outreman, P., A 
Ma/inque, C., Bull. hid. text.. 1958, 75, tJ7 



3ti- REPORTS OX THE PROGRESS OF APPLIED CHEMISTRY 


Summarised proceedings of a conference on A%ray analysis, Leeds, 1 9 by, 
Skertclily, A , & Steadman, R., Brit. J. appl. Phy&., 19tH), 11, 89: 
(«) Structure of silk fibroins. Warwieker, J. 0.; (b) silk fibres with folded 
protein chains. Parker, K. D.. & Rudall, 1C. M. 

Amino-acid sequences in silk fibroin, Zeigler, K., it Spoor, H., Biochi in. 
biophvs. Acta, 1959 , 33, 138 

Molecular weight of libroin. l'rati, G., Moru/zi, 1\, & Centola, (»., Seta, 1958, 

19, 37 

Regenerated (vegetable) protein fibres 
Lis, I. C., L’.S.F. \?,St:>4,ijG3 



SYNTHETIC FIBRES 


POLYAMIDES (R. F. Moore, M.A., B.Sc., D.Phil.) 

Imperial Chemical Industries Ltd., Dyestuffs Division 

Record production of polyamide fibres for 1960 and plans for 
worldwide expansion in the future are due partly to the increasing 
end-uses for the fibres and to the encroachment of nylon into the 
tyre cord field. No serious contenders to 6.6- and 6-nylon have 
appeared ; new routes through cyclohexane and toluene to capro- 
lactam, the monomer for 6-nylon, make it potentially cheaper than 
6.6, with which it is at present comparable as regards price. 

The total production of polyamide fibres for 1960 in the U.S.A. 
is estimated at 320-375 million lb. (including 150 million lb. tyre 
cord yarn) ; by 1965 it is expected to reach 550-670 million lb./ 
annum (1, 2). Du Pont are increasing considerably their capacity 
for 6.6 tyre cord (2), and for carpet yarn (J). Of the 6-nylon pro- 
ducers, Allied Chemical Corp. plan to triple production of tyre 
cord (4) and to become the first American company to make and 
sell 6-nvlon apparel fibre in the U.S. ( 2 , 5), whilst American Enka 
(ff) and Dow Chemical Corp. (7) are also to contribute to the 
increase in production of heavy denier yarns. In the U.K., produc- 
tion of 6.6-nylon continues at record levels (8). Imperial Chemical 
Industries Ltd. are planning the manufacture of 15,000 tons/annum 
of caprolactam for 6-nylon, not hitherto produced in Britain (9). 
Competition in the 6-nvlon fibre field may also be supplied shortly 
bv British Enka (10), while many countries plan to initiate or 
expand production. 

Several new poly amide fibres have recently become of interest 
commercially. A Russian fibre, ‘Perlargon’, is a 9-nylon, produced 
from to-aminopelargonic acid. It has a lower melting point and 
moisture absorption than 6- or 6.6-nvlon, with tenacity 7 g./denier 
and elongation 18% (II). In Japan trial production lias commenced 

TJ-rylon', made by polycondensation of non amethylenedi amine 
and urea (12). Du Pont are now testing a tyre cord yarn, of 
unpublished constitution, with melting point about 315° as com- 
pared with the normal 250° (13). The same company have also 
developed a new clastic fibre, 'Lycra', containing at least 85% of 
s eg merited polyurethane, which has lighter weight and greater 
retaining power, flex life and durability than rubber (14). 

3G3 
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The finishing or texturing of nylon yarns for specialised end-uses 
continues to develop along two lines, firstly the spinning of yarns 
with non-circular cross-section (it)), and secondly the imparting of 
deformations to the yarn (crimps, curls or loops), or a combination 
of both processes. Fabrics made from du Font’s ‘Antron’ (76’), 
having a tri-lobal cross-section, are claimed to have a distinctive 
dry ‘hand' and improved print definition and clarity. Texturing 
processes for nylon yarns have been summarised (17). Their 
application to mixtures of fibres enables yarns to be obtained 
comprising a nylon core encased in a sheath of another fibre (IS). 
The properties of nylon yarns can be improved by the radiation- 
induced grafting of vinyl polymers on to the fibres. Thus the 
grafting of methacrylic acid to 6.6-nylon lowers its electrical 
resistance and decreases its solubility (79), whilst with JV-vinvl- 
pyrrolidone. improved dyeability, increased moisture retention 
and reduced static charge are claimed (20). Similar treatment with 
sodium stvrenesulphonate is also purported to improve the static 
properties (27). An improved process has been described for the 
coloration of nylon by melt-spinning polymer chip coated with a 
finely divided dispersion of polyamide and pigment (22). Various 
additives have been claimed to improve the stability of poly- 
amides. Heat stabilisers disclosed include esters or amides oi 
phosphorus oxv-acids (2-fo), copper halides (23b) and iodobenzoir 
acid (2-3c). Manganese phosphate is claimed to improve the light 
stability of delustred polyamides (24). 

Polymerisation technique 

Improvements in polymerisation procedures have been con- 
cerned mainly with effecting the reaction at lower temperatures, 
e.g., by using inert diluents such as phenols (23a) or hydrocarbon? 
(2f5b), continuously and at atmospheric pressure (20). In one 
example, a low-viscositv pre-condensate is allowed to flow down 
narrow, vertical steel wires at high temperature, under nitrogen, 
to complete the polymerisation (27), Isocyanates, carbodi-imides 
and cyan amides have been disclosed as accelerators for the poly- 
merisation of lactams (28) and A’-acetylcaprolactam (20a) and 
alkylamine hydrochlorides (20b) have been used as viscosity 
stabilisers. 

The technique of polymerisation by interfacial poly-condensation 
has received considerable attention (30) and been used to prepare 
a number of the novel polyamides disclosed. These include poly* 
mers containing phosphorus (-37), sulphur (32) and silicon (3S) 
combined in the chain. Piperazines have been investigated further 
as the diamine constituent in polyamides (34). Copolymerisation oi 
4-aminomethylcyclohexanecarboxvlic acid with caprolactam raises 
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the melting point of the final polymer (36 ), whilst oxalic or tram- 
l ( 4 -cyclohexanedicarboxylic acid (36a) and l,4-bis(aminomethyl)- 
cvclohexane (36b) have the same effect on polyamides derived from 
/tt-xylylenediamine. An improved process for making these has 
been described (37). Much attention has been paid to polymers 
containing urethane links. These play an important part in the 
new yarns with built-in elasticity (cf. ‘Lycra’, mentioned above), 
and are composed, for example, of chains of polyether segments 
joined via urethane links to a polyamide, polyurethane or polyurea 
segment (<3£). The resultant linear copolymers have repeating 
segments of alternate high and low melting point and can be melt-, 
wet- or dry-spun to give fibres remarkable for their high elastic 
recovery (>00%) and low stress decay (<20%). Similar elastic 
polymers containing hydrazide links have been described (39). 

The research results in the field of new polyamide fibres have 
been reviewed (40). 

Amongst the more practical of the many contributions to the 
physical aspects of polyamide chemistry are further investigations 
into the kinetics of the water-initiated polymerisation of capro- 
lactam (41). Miyake has characterised a large number of nylons 
using infra-red and A-ray techniques and found almost complete 
hydrogen bonding, irrespective of the number of methylene groups 
(42). The effect of spherulites on improving the mechanical 
properties of 6.6-nylon has been studied further (43), whilst con- 
siderable attention has been paid to the effect of moisture on the 
dynamic mechanical properties of polyamides (44), which is of 
interest in connexion with the flexing of tyre ^ords. Thus the loss 
peak and modulus dispersion at 1)7° in dry 6.6-nylon is shifted to 
lower temperatures with increasing water content (lib). Nuclear 
magnetic resonance has also been used to study the effect of 
moisture on segmental motion in polyamides (45). 


Intermediates 

Many recent patents dealing with the manufacture of 6.6-nylon 
intermediates are concerned with improvements of established 
processes. Few of the alternative routes studied are likely to be of 
immediate commercial importance. The reductive hydrolysis of 
aniline to either KA (cyclohexanol/cyclohexanone) (46a) or the 
ketone alone (46b) has received further attention, and cyclo- 
hexanone has also been obtained by the autoxidation of cyclo- 
hexylbenzene (47). Hexamethylcnediamine has been produced by 
the hydrogenation of caprolactim methyl ether (48a) and 5-amino- 
methyl-2-furfurylamine (prepared from sugars) (48b). 

Several routes to 6-nylon intermediates which arc of potential 
commercial interest have been investigated, including the oxidation 
of cvclohexylamine to cyclohexanoueoxime in almost quantitative 
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yield by hydrogen peroxide in the presence of tungstate catalysts 
(40). The oxime has also been prepared from nitrocyclohexane bv 
reduction with hydrogen and lead catalysts (50a), and with carbon 
monoxide and alcohols (50b). A possibly very important discovery 
is disclosed in recent patent applications by Snia Viscosa in con- 
nexion with the nitrosation of cyclohexyl derivatives (51, 52). With 
cyelohexanccarboxylic acid and nit rosy isulphuric acid in oleum, 
nitrosation, decarboxylation and rearrangement to caprolactam 
can be accomplished in one stage in better than 80% yield. This 
opens up a new and potentially cheap route from toluene -> 
benzoic acid -> cyclohexaneearboxylic acid -> caprolactam. 
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ISOTACTIC POLYPROPYLENE FIBRES 
(J. F. LI. Roberts, B.Sc.) 

Imperial Chemical Industries Ltd., Fibres Division 

The discovery of the storeospeoific ]»oIynierisation of x-olelins has 
resulted in a new range of potentially cheap fibre-forming polymers 
W- Targe-scale activities are based predominantly on fibres from 
polypropylene and the two applications of this material (plastics 
and fibres) have widened the activities of primarily chemical or 
textile organisations. 
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In the early part of 1959 a new synthetic fibre of high quality and 
low production cost (2) was produced by the Polymer Company, a 
Montecatini subsidiary, and was said to be usable alone, or in ad- 
mixture with other fibres. Commercial production was due to start 
by the end of the year. This fibre has been named ‘Meraklon’, as 
distinct from the polypropylene for plastics applications ('Moplen*). 
By May 1960 the Polymer Company’s plant at Terni was reported 
to be producing yam at 3,000,000 kg. per annum and by 1961 a 
production of 100 tons daily ( 3 ) is expected. 

Imperial Chemical Industries Ltd. have obtained an exclusive 
licence from Montecatini for the production of polypropylene 
staple fibres, filaments yarns and monofilaments in the U.K. ( 4 ), 
in addition to the production of the polymer for use as a plastic. 
In 1959 British Celanese, now a Courtaulds subsidiary, were 
reported to be producing trial quantities of fibre from polymer 
produced by Shell (a) called ‘Courlene PP\ This material, although 
dearer than the polyethylene fibre ‘Courlene X3', was said to be 
more resilient and to have a 5% higher yield (lower density) (o), 

Elsewhere in Europe, interest in the production of polypropylene- 
based fibres is reported — in Austria (6'), France (?), and Germany 
(«)• , . 

In the L .S.A. wide interest is being shown in fibres from poly- 
propylene, where Montecatini are marketing 'Meraklon’ (9). Several 
U.S. manufacturers are engaged in developing products of their 
own ( 10 - 17 ). In Canada, Canadian Celanese are producing a poly- 
propylene fibre under the trade name ‘Propylon ’ (7$), and 
Courtaulds Plastics, Canada Ltd. have been appointed as dis- 
tributors, in that country, of Avisun's products ( 19 ). Japanese 
chemical and textile concerns also have polypropylene develop- 
ment programmes, based on a tie-up with Montecatini ( 20 ), or with 
American interests ( 21 ), or on an allegedly patent-free polymerisa- 
tion route developed in Japan ( 22 ). Interest in polypropylene fibres 
has also been shown in Israel, where production will start at the 
Ashdod factory of Rogasin Industries in 1961 ( 23 ). 

The outlets envisaged for polypropylene fibres cover a wide 
range of industrial and domestic uses, and require the production 
of staple fibre, continuous filament yarns, and thick monofilaments. 
In most cases the first development outlets have been into the 
rope ( 24 ) and cordage field, where the properties of the fibre art- 
shown to great advantage. There have been reports of favourable 
reception of heavy duty marine hawsers made of polypropylene 
for use in various marine and industrial fields ( 2 5). Other industrial 
outlets include non-woven netting ( 26 ), webbing and car seat 
covers ( 27 ), tarpaulins and tents ( 28 ) and covers for battery 
electrodes (29). 

One of the first non-industrial applications of polypropylene 
fibres was in carpets, though trials are being made to widen the 
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scope into the textile held, etc. (31). It is claimed that success has 
been obtained with blankets, light suitings and men’s socks, used 
alone or blended with other fibres. Polypropylene is said to blend 
well with wool (30). The emphasis placed on the various outlets by 
a major Japanese firm is discussed (31), 

Properties 

The initial development of polypropylene fibres for industrial 
end uses, and in particular ropes, cords and other marine outlets, 
reflects the properties of the fibre. Its low density (~0-90) enables 
it to float on water and also provides a high yield. It has high 
strength, good elasticity and abrasion properties and the cheap- 
ness of the monomer should facilitate its competition against the 
natural fibres. Other advantages are its insensitivity to moisture 
and its good resistance to solvents and chemical attack, although 
an exception to the latter is the relative sensitivity to oxidation, 
which demands the use of stabilisers (32, 52). Other disadvantages 
such as low melting point and dyeing difficulty would not be 
expected to be major drawbacks in the marine ropes and cordage 
held. The development and properties of polypropylene fibres are 
reviewed (dd), the ‘steric purity’ being reported as an important 
factor governing the elastic properties ; elsewhere, the fractions of 
the polymer soluble in ether and heptane are stated to have a 
‘plasticising’ action on the fibre (34). Other reviews summarise the 
development, production, properties and applications of poly- 
propylene fibre (35, 30). 

Production technique 

Although a number of patents (37, 33) have described processes 
for producing polypropylene fibres by wet- and dry-spinning tech- 
niques, the bulk of the evidence shows that production is based 
essentially on what can by now be regarded as a more or less 
conventional melt spinning and drawing route. The use of a screw 
extruder of special design for melt spinning polypropylene fibres 
alone, or to supply molten polymer under pressure to a metering 
pump, is described (30). The use of steam (40) and hot conditioning 
systems around the threadline (41) are also claimed in the patent 
literature; the use of high spinning temperatures (more than 100° 
above the melting point) (30, 12, 43) and of prefiltration (44) are 
also reported. The idle of the molecular orientation introduced 
during spinning is emphasised in two patent specifications (45). The 
use of 'plasticised melt spinning’ (40), which presumably avoids the 
lu ’ fi d for high temperatures, and a process for controlled cooling of 
tbe molten threadline, is of considerable interest (^7). The formation 
{ *f polypropylene fibres by melt extrusion is discussed in a paper bv 
Russian workers (48), where again the benefits of plasticised melt- 
spinning are described. 
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Several sources discuss the improvement in the properties oi 
polypropylene fibres by an additional drawing or heat treatment. 
Yarns of improved dimensional stability ( 49 ) and enhanced 
elastic properties ( 50 ) and a drawn product with very low shrinkage 
(5 at *250 ? f) ( 51 ) have been obtained ; Russian workers publish 
the results of an investigation of a second drawing and/or relaxation 
treatment ( 52 ). The orientation of isotactic polypropylene filaments 
has been studied by means of A'-rays (53). 

As has been mentioned earlier, one of the defects of isotactic 
polypropylene, as a fibre-forming material, is its susceptibility to 
thermal oxidation ( 54 ). The use of antioxidants which can survive 
the drastic thermal conditions used in melt-spinning is described 
(oo-o<$). As might be expected, the same compounds should be at 
least partially effective for polypropylene, polyethylene and poly- 
vinyl chloride ( 59 ). 

Polypropylene fibres are also susceptible to attack by ultra- 
violet radiation, and if they are to be acceptable in the industrial 
and domestic textile markets, it is necessary to include additives to 
minimise light tendering (dJ, d6). coupled with antioxidants tu 
improve the weathering properties ( 00 ). The interest in this prob- 
lem is reflected by the range of ultra-violet absorbers now available 
commercially, and particularly by the announcements of new 
compounds (67). 

As with other synthetic fibres, polypropylene fibre suiters from 
the fact that it is difficult to dye bv normal commercial processes 
and a great deal of effort is being deployed with much success tu 
remedy this defect ( 02 ). Techniques for incorporating carbon black 
( 65 ) and other pigments ( 04 ) into polypropylene are of interest to 
fibres and plastics manufacturers. The problem of improving the 
dyeability has been tackled in many ways, including the use of dyes 
soluble in polypropylene, making use of non-aqueuus dyebaths, etc. 
(£•5), the grafting of a second (dyeable) polymer on to the surface uf 
the fibre ( 00 ), the blending of the polymer with a dyeable additive 
prior to spinning ( 07 ) and the chemical treatment of the fibre, 
either before or after drawing {£<$). Sometimes two such modifica- 
tions are shown to be advantageous, e.g., blending with an additive 
prior to spinning, followed by a further chemical after treatment 
of the yarn ( 09 ). 
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POLYESTER FIBRES (N. D. Scott, B.Sc., Ph.D.) 

Imperial Chemical Industries Ltd., Fibres Division 

World consumption of polyester fibres has continued to expand 
during 1900 to such an extent that there has been some shortage 
of the intermediate, dimethyl terephthalate. There have been 
numerous reports of increased capacity for making intermediates 
and polvmer and fibre bv manv companies in different parts of the 
world (1-19). 

These reports include details of the production technology of the 
Russian polyester fibre ‘Lavsan’ {19a) and a review of Russian 
achievements in the held of polyester and other synthetic fibres 

a%). 

There is a growing interest in improving the fabric properties of 
polyester fibres by using fibres of non-circular cross-section {20). 
A new type of filament yarn called ‘Dacron 62’ having a tri-lobal 
cross-section {21) has been introduced by du Pont. It is said to 
impart to fabrics improved handling, covering and dyeing proper- 
ties {22). 

Intermediates for polyethylene terephthalate) 

Associated with their venture into polyester fibre manufacture, 
Russian research workers have published a number of papers on 
methods of preparing ^-xylene and terephthalic acid (23). 
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Air oxidation of ^>-dialkylbenzenes continues to attract interest 
; md patents have appeared dealing with catalytic oxidation in 
aliphatic acid solvents in the presence of bromide and peroxide- 
forming additives (24), bromide and chloride (25) or chloride 
alone (20). Methods of controlling the process (27), recovering 
bromine from the off-gases (28a) and improving yields and quality 
of the terephthalic acid produced have also been described (28b). 

The use of a fluidised-bed technique has been disclosed for the 
preparation of terephthalic acid by the Henkel process (29a), or by 
air oxidation (29b) and for the preparation of esters of carboxylic 
acids (30). Other disclosed aspects of the Henkel reaction are 
concerned with the recovery of catalyst (31a) and the removal of 
reaction by-products (31b). A new process for making terephthalic 
acid from toluene by chloromethylation and oxidation has been 
developed in Germany and is claimed to give a product of improved 
purity (32). Two useful reviews of terephthalic. acid processes have 
been published (33). 

Several new methods of purification of the acid have been 
described and include recrystallisation of the crude acid from 
benzoic acid (34), ATY-dimethvlformamide (35), a dialkyl sulph- 
oxide (30a), toluie acids (30b), water at high temperatures in 
non-ferrous equipment (30c) and from an A-alkylpyrrolidone (37), 
or sublimation of the crude acid from a fluidised bed (38). Chlorina- 
tion in an organic solvent with gaseous chlorine has been used so 
that side-chain chlorination renders the />-toluic acid and its alkyl 
esters soluble in the solvent (39). Other purification processes 
involve conversion to an alkali metal salt of the mono-jS-hydroxv- 
ethyl ester (40) or air oxidation of the liquid dialkyl esters (41). 

There has also been some interest in the separation of mixtures 
of terephthalic, isnphthalic and other bcnzcnecarboxylic acids as 
obtained from the oxidation of mixed xylenes (42). 

Papers on the mechanism of the carboxylate rearrangement 
reaction (43) and the ester interchange equilibria between dimethyl 
terephthalate and ethvlem* glvcol have been published (44). 

Preparation of poly(ethvlene terephthalate) 

Continuous polymerisation systems have been described in a 
number of patents (45). although there is no indication of com- 
mercial exploitation of these. The direct esterilication of tere- 
phthalic acid with ethylene glvcol has also attracted some interest 
(40) and Japanese manufacturers are reported to be planning the 
large-scale use of this process {47). 

In addition to the usual catalyst claims, process improvements 
are said to be derived from polymerisation in the presence of 
nrthophosphoric acid or an alkali metal acid phosphate (&>). or in 
the presence of carbon black (49a). A method of controlling poly- 
merisation by introduction of a monofunctional substance (e.g., 
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o-benzoylbenzoic acid) into the reaction has been disclosed {40b). 
Polyethylene terephthalate) can also be prepared by the poly- 
merisation of the cyclic trimer, tetramer and pentamer of ethylene 
terephthalate (49c). 

A detailed study of the kinetics of the polycondensation reaction 
(50) shows that it is second-order, with an activation energy of 
about 31 kcal./mole. In thin layers (1 mm. and under) the rate 
constant of the catalysed polycondensation reaction is inversely 
proportional to the thickness of the layer (51). The activation 
energy (11-14 kcal./mole) was considerably less than that found 
lor bulk polymerisation (35 kcal./mole) and presumably improved 
heat transfer and easier evaporation of ethylene glycol facilitate 
the reaction. 

Properties of polyethylene terephthalate) 

More studies of the crystallisation and crystal structure have 
been reported. The relationship between temperature and degree of 
crystallisation (52). the effect of methyl ketones in inducing crystal- 
lisation (53) and the structure of polymer sphenilites (54) have 
been commented upon and the action of various plasticisers 
described (55). The elastic modulus of the crystal unit has been 
calculated (56*) and an A'- ray diffraction method of determining 
crystallinity described (57). A review of methods of measuring 
crystallinity in polv (ethylene terephthalate) shows that for oriented 
fibres, infra-red spectra give high values, A- ray measurements low 
values, and density measurements intermediate values (5<V). 
Further detailed assignments of the infra-red spectra have been 
reported (50). 

Molecular weight studies include three papers on end-group 
determinations (60) and two on fractionation systems (6*J). 

The kinetics of the hvdrolvsis of polyethylene terephthalate! 
bv water (6'2rt) and bv hydrochloric acid (62b) have been studied 
and the effects of nuclear radiation investigated (63). The tech- 
nique of differential thermal analysis gives a new method of 
measuring transition phenomena in the polyester (64). The pre- 
paration of colloidal solutions of the polymer has been claimed by 
Russian workers (65). 

Four distinct oligomers have been identified in poly (etliyloiic 
terephthalate) (66) and their structures elucidated. The effect on 
the properties of the substitution of chloro-, hromo- and methyl 
groups on the benzene ring has also been studied (67). 
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PLASTICS 

By MEMBERS OF THE PLASTICS AND POLYMER 
GROUP 

(Convenor: J. E. S. WHITNEY, B.Sc., F.R.I.C.) 

INTRODUCTION (J. E. S. Whitney) 

Catalin Ltd. 

The Rubber and Plastics Research Association of Great Britain 
was inaugurated on 15th November I960 by the incorporation of 
a number of member-companies of the British Plastics Federation 
into the Research Association of British Rubber Manufacturers. 
The plastics interests of the Association will be represented by both 
a Plastics Research Committee and membership of the Council. 

The boom experienced bv the plastics industry in 1959 was 
arrested during the early months of 1960. The year was marked by 
a steady progress in the face of increasing world competition and 
a marked tightening in the demands from the home market by the 
imposition of credit restrictions. Overall sales of plastics material 
during I960 have been estimated at approximately 550,000 tons, 
comprising 3-10,000 tons of thermoplastics and 210,000 tons of 
thermosetting materials (see Table I). Imports, however, increased 
by 7o° 0 on flu* 1959 figures, to 93.321 tons, while 171,173 tons of 
plastics materials were exported. 

In the thermoplastics field, marked price reductions were 
effected in polyethylene and polyvinyl chloride. Despite an increase 
in the production of polyvinyl chloride by 20% to 105,000 tons. 
28,000 tons of polymer and 7000 tons of compound were imported. 
A further increase in plant capacity of 25,000 tons is planned for 
1961 , which, it is anticipated, should help counteract the high level 
of importation. Indigenously produced polypropylene became 
available during the last quarter of I960. 105,000 tons of low- 
density polymers and 40,000 tons of high-densitv polymers, mainly 
polyethylene, were produced. The overall production capacity for 
high- and low-density polyolefins is expected to increase to 200,000 
tons during 1961. 

The continued increase in demand for thermosetting materials 
"'as maintained during I960, and sales of well-established material? 
• s,] c.li as phenolic? and aminoplasts maintained a significant con- 
tribution towards this increase. It is estimated that the sales of 
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Table I 

Sales of plastics material (tons) in J000 
[Figures given by the Board of Trade) 


J an. 

April 

July 

Or 

to 

to 

to 

to 

Mar. 

June 

Sept. 

IV 


1 hermosett ing mater ta Is 
Alkvds: 

Solid and liquid resins . . .. .. .. 10,219 10,995 9397 8841 

Solutions, emulsions and dispersions (net resin 
content) . . . . . . 2463 3235 2194 1934 

Other 141 149 148 141 

Aminoplasties: 

Solid and liquid resins, including solutions 
(net resin content) .. .. 8282 8392 7941 8931 

Moulding and extrusion compounds . 7224 6829 6141 7u98 

Casein plastics: 

Sheet, rod, tube and profile shapes . . 373 339 344 43U 

Phenolics and eresylics: 

Straight solid and liquid resins .. 4446 4149 3934 4494 

Modified solid and liquid resins . . 1086 1 UTS 841 857 

Solutions, emulsions and dispersions (net resin 
content) .. .. . . 1 141 1254 1283 1381 

Moulding and extrusion compounds . . 8028 7542 7288 7712 

Decorative laminated sheet 2913 2315 2o|s 24n7 

Other laminated sheet . 2159 1911 1879 2178 

Cast sheet and laminated or < r.-td, tube ami 

profile shapes . . .. .. lno8 luo5 9117 lo$y 

Polyesters . . . . . . 2063 23n7 1894 2997 

Other thermosetting materials 3284 3169 3066 3174 

Total ther»u«ellini materials 54,830 54,719 4 9,275 51,864 

Thermopla dies materials 
Cellulose: 

Moulding and extrusion compound" .. 1563 1 565 1 607 1547 

Other (including photographic film basej 1924 1713 1731 1876 

Polyvinyl chlorirle: 

Solutions, emulsions and dispersion-, -net n -in 

content) . . . . . . . . 4 7 5 4 5 3 5 53 742 

Moulding and extrusion compound" . . 12,956 12,310 10,669 13,736 

Plasticised sheet. . . . 10,802 11,23 5 9 577 11,52s 

Unplasticised sheet . . H>58 905 798 8/> 

Rod, tube and profile shapes 1029 1499 1145 95 fi 

Polyethylene and polypropylene: 

Granules and moulding and cxtru-inn com- 
pounds 24.749 23,458 19,121 20.861 

Sheet, rod, tul)e, film, foil and profile shape- . . 4274 4651 444o 5101 

Polys tyrene: 

Moulding and extrusion compound" , 9371 9446 84 .So f 

Other 1623 1661 1420 l fl ^ 

Polyvinyl acetate (net ri>in content) 3908 3991 3321 3327 

Other thermoplastic materials (including ae ryli> 
polyamides, poly tctralluoroethy lene and polv- 
vinyl chloride resins (i.e., polymers sold as 

such) ,, .. .. . * .. .. 18,826 16,545 16,676 18,0^ 

Total thermoplastic materials 92,558 89,462 79,511 89,464 

Total all plastio materials 147,388 144,181 128,786 141,325 

{Mote, In yearn prior to I4*»0errur wa> made by the inclusion ol about 400 tons nud< 1 
‘Other Thermoplastic Materials’ in»te;nl ol under ‘Other Thermosetting Materials .) 
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cinforccd plastics increased from 1 1,000 tons in 1959 to 12,000 tons 
n 1960. 

Considerable interest has developed during recent years in 
synthetic polymeric materials, based upon or containing combina- 
;ions of skeletal elements other than carbon. Although research at 
;his stage is mainly in the laboratory, it is anticipated that this 
ield is one in which exciting new developments will arise. In con- 
sequence it is considered appropriate to include ;l review of current 
iv'ork in this plastics chapter. 
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METHACRYLATES (P. R. Cowley, Ph.D., and W. E. Frost, 

M.A.) 

Imperial Chemical Industries Ltd Plastics Division 

il kt hack v l at K s were last reviewed in these Reports in 1955 (i), 
but the subject has been treated elsewhere more recently (2). The 
well-known sheet and moulding powders based on polymethyl 
methacrylate are still the most important group of products. 
Other forms of methacrylates, production of which is expanding, 
include solution polymers (oil additives and paints) and dispersion 
polymers (paper treatment, paint bases, textile applications). 
Production of methyl methacrylate monomer has increased con- 
siderably. The major producers all operate the established route 
from acetone through acetone cyanhydrin, but attempts have been 
made to discover cheaper syntheses; for example, from isobutene 
by oxidation to x-hydroxyisobutyric acid and the dehydration of 
the latter or its esters to methacrylic. derivatives (*3). Other alkyl 
methacrylates are available commercially, but are only used on a 
relatively small scale. 

The polymerisation of methyl methacrylate has been studied 
over a very wide temperature range — up to 18(T (^a) and 225-300° 
1.4b). Variations on the conventional peroxide and azo initiators 
have been examined and references to work on novel types of 
catalyst are listed in the bibliography. Even conventional free- 
radical initiators at low temperatures can give syndyotactic poly- 
niethyl methacrylate (cryst. m.p. 200'). Anionic initiators have 
been reported to give syndyotactic polymers in highly solvating 
media, an isotactic polymer in hydrocarbons, and an isotactic - 
syndyotactic block copolymer in media of moderate solvating 
power (5). In some cases solvent treatment is required to develop 
crystallinity. No mechanical properties have been published. 
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Further information is now available on some of the factors 
affecting the technical scale polymerisation of methyl methacrylate. 
It is reported that the discoloration of dyes which occurs in 
peroxide-initiated bulk polymerisation can be avoided by adding 
amines to the system (6). Retardation by oxygen of the initial rate 
of polymerisation has been studied in detail and is attributed to 
the formation of poly-peroxides (7). The pronounced ‘gel-effect' in 
methyl methacrylate presents a major problem in controlling bulk 
polymerisations and several studies have provided quantitative 
information on the decrease in the termination rate constant which 
is responsible for this (8, 9). Cross-linking agents favour the earlier 
onset of the ‘gel-effect' (8, 10) and this increases the difficulty of 
manufacturing materials which exploit the particular advantages 
of cross-linked sheet (e.g., improved thermal and solvent resist- 
ance). However, products with a limited degree of cross-linking 
are available for aircraft glazing, lens and watch-glass manufacture. 
Attempts have been made to produce sheets which can be both 
fabricated and cross-linked at the ‘shaping’ temperature (-^UiO ) 
using monomers which do not readily copolymcrise with meth- 
acrylates at lower temperatures (e.g., triallvl cyanurate), but diffi- 
culties in curing the sheet either thermally or by radiation have 
not yet been completely overcome (11). 

New moulding powders based on copolymers of methyl meth- 
acrylate with styrene (12) or x-methvlstvrene (Vi) have been 
introduced, the latter having a higher heat distortion temperature 
than have normal acrylic moulding powders. Methacrylates, with 
or without other monomers, can be polymerised in synthetic rubber 
latices to give rubber resin blends, and this has barn exploited lu 
obtain moulding powders of greater impact resistance (/-/). Graft 
copolymers have been prepared by trans-esterification of poly- 
methyl methacrylate with crystalline polyesters (16). Flock co- 
polymers can be prepared bv mastication of mixtures of two 
polymers or a mixture of a monomer and a polymer (10), but no 
technically' useful products are available as yet. Increased liardnes-* 
and thermal resistance have been conferred on methacrylate 
polymers by uniform dispersion of fillers of small particle size 

nr). ; 

Degradation of methacrylate homo- and co-polymers has been 
studied under a variety of conditions and as a result ultra-violet 
absorbers are now often included in clear sheet. Craze resistance 
can be substantially increased by biaxial stretching, which also 
gives a tougher sheet material useful for aircraft glazing (W 
Methacrylate syrups for laminating glass-reinforced roof-light* 
were introduced in the U.S.A. two or three years ago (19), but are 
believed to have made little progress; no corresponding develop- 
ment has been announced elsewhere. Reinforcement by synthetic 
fibres has also been studied (20). Methacrylate monomers are used 
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at the 10-20% level to give improved outdoor performance in the 
better quality polyester/styrene resins for glass-reinforced trans- 
lucent panels in the U.K. and more performance data have 
recently been published in the U.S.A. (21). 

World production of acrylic sheet is now probably over 50,000 
tons/year, largely by three major manufacturers. The traditional 
use in aircraft glazing is now only a minor proportion of the total 
market. Signs and displays account for 60-70% of the market in 
the U.S.A. , but only 20-30% in Europe. Important outlets, some 
of which have been developed in Europe more than in the U.S., 
include lighting fittings, transport (windscreens), television set 
implosion guards, roof-lights, sinks and drainers. Other sanitary 
ware applications, e.g., baths and urinals, are likely to be of 
increasing importance. Shaping techniques have been given more 
attention (22) and there has been a noticeable trend towards 
greater mechanisation, particularly in the use of shaping/vacuum- 
forming machines. Acrylic sheet extruded from moulding powder 
has not so far reached any substantial tonnage except in Germany 
and Italy, although the proportion of acrylic moulding powders 
manufactured in Europe has recently increased considerably. Two 
significant advances in the U.K. have been the sale at a reduced 
price of clear polymer consisting of very small spherical particles, 
and the introduction of materials which are more thermally stable 
;it injection moulding temperatures. Important applications of 
these products include rear-lights in motor cars, and, in the U.K. 
particularly, television set implosion guards, a new G.P.O. tele- 
phone hand-set and extruded lighting fittings and tubes. 

In the United States emulsion paints based on methacrylate, 
acrylate copolymers are being increasingly used for exterior 
application on wood and masonry but have made less headway in 
Europe, where pul vvinvi acetate-based paints are well established 
and are giving satisfactory service for both interior and exterior 
use. Acrylic solvent-soluble resins have been in use for some time 
as bases for solution paints for hard, glossy top finishes for 
refrigerators and cars, and a similar resin, which also gives a 
thermosetting finish, ha> now been introduced in water dispersion. 
Butadiene, /methacrylate copolymers have established uses for 
paper coating (2d), paper impregnation and leather finishing (24). 
'riiiJe earboxylated rubbers are used in the new field of non -woven 
fabrics. Outside the paint field, the principal application for meth- 
acrylates solution polymers is as oil-additives. Copolymers of the 
higher-alkyl methacrylate* have established uses, particularly as 
viscosity-index improvers in the ‘multi-grade’ oils (2o). The more 
recently introduced ‘detergent’ additives which have sludge- 
dispersing properties are also based oil methacrylate polymers and 
there is much patent activity on newer polymers with ‘detergent’ 
properties. 
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AMINOPLASTICS (D. N. Buttrey, M.Sc., F.R.I.C., F.P.I.) 

Imperial Chemical Industries Ltd., Plastics Division 
Raw materials and resin development 
A main trend in the development of amino resins is towards 
lowering production costs, in particular of urea-formaldehyde 
(U.F.) resins, which have become highly competitive on a world 
scale, and melamine-formaldehyde (M.F.) resins. With U.F. resins 
this is being achieved by reduction of raw material costs and also 
numbers of types for bulk markets. Large users of M.F. resins are 
increasingly manufacturing their own condensation products where 
immediate use overcomes storage-life problems. 

The more complex amino resins are finding applications in 
selective fields, e.g., textiles, paper, where specific properties cannot 
be obtained with the unmodified U.F. and M.F. resins. 

An important move in the case of U.F. resins has been the 
adoption as a raw material of formaldehyde dissolved in aqueous 
urea solution, a typical product containing 59% formaldehyde, 
26% urea and 15% water (1). Use of such concentrates lowers both 
carriage and dehydration costs in resin manufacture and minimises 
formaldehyde loss during resin dehydration. 

The production of melamine from urea more cheaply has 
received continued attention, and an improved method of manu- 
facture has been claimed (^) in which urea is pvrolysed to an 
intermediate product, which is then heated under high pressure. 
An alternative approach from ammonium thiocyanate has yielded 
several patents («?) and improved methods of purification have alsu 
been proposed, including a crystallisation process which gives 
99*5% yield (•/) and also sublimation (-5). 

The production of ethyleneurea from alkvlene carbonate with 
XH 3 at 200 290 has been described (6‘). Numerous patents for 
improved urea production have been published (see Supplementary 
Bibliography) . 

Continuous processes for making resins have also received 
attention. One such method uses three cylindrical containers for 
U.F. resin manufacture (7), and a second, for a range of resins 
including U.F., M.F. anddicyandiumide, employs a heated reaction 
tube (5). 

Among potential interesting resin-forming materials that haw 
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been advanced, condensation products of the triazine resi n 
combined with other thermosetting resins, including U.F., to 
improve tire- and heat-resistance, have been investigated (9). They 
are also used for laminates and moulding (10), while diamino- 
triazines substituted by an aliphatic radical with 3-6 carbon atoms 
or cycloaliphatic or araliphatic radical of not more than 10 carbon 
atoms, are useful for laminating and surface coating resins, e.g., 
substituted guanamine (11a) and other triazine-formaldehyde 
resins (lib). 

Polyureas, suitable for films, sheets and fibres, have been made 
from aromatic din mines and aromatic di-isocyanates (12). Dicyan- 
diamide as a raw material continues to attract interest as it imparts 
tire resistance to laminating resins (discussed later), and also gives 
condensation products suitable for leather treatment (13). 

Application development 

1 Yoodufork ing adhesives 

The world particle board industry has shown appreciable expan- 
sion and has become a major market for U.F. resins, which are 
largely sold as syrups with 70% resin content. Although the bulk 
of the industry is based on multiplaten press processes, extrusion 
processes are being used increasingly, e.g., the Kreibaum process 
on which further development is improving performance (14). 
With the greater use of particle board in building, there is greater 
emphasis on fire-resisting qualities (lo). U.F. resin-bonded flax- 
board is being used increasingly in furniture making. 

U.F. resins remain the chief adhesives used for woodworking, 
furniture and interior-grade plywood, in spite of the more recent 
introduction of polyvinyl acetate adhesives. Improvement of U.F. 
adhesives is being effected by, e.g., the incorporation of free 
carboxylic acids of >16C atoms (10), and by the addition of di- 
methylformamide to reduce crazing of U.F. glues in gap-filled 
joints (17). 

As a result of B.S. 1155: 1056 and B.S. 1088: 1957, all U.K. 
weather-proof plywood is now based on phenol-formaldehyde 
(P.F.) resin adhesives, which supersede melamine-fortified U.F. 
resins. Although satisfactory P.F. resins are available, the search 
for improved products continues, particularly for those which will 
reduce absorption into the wood during hot-pressing. One additive 
described is a silicate- methylolmelamine (ISa). High polymeric 
substances, such as polyvinyl alcohol, are recommended as additives 
to both amino and phenolic resin adhesives to give a more stable 
viscosity/ temperature relationship (ISb). 

Paper treatment 

In the paper industry, anionic U.F. resins continue to dominate 
the wet-strength held, although there is increasing use of M.F. 
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resins applied as acid gels for higher wet-strength application, e.g >( 
in photographic papers. Methods of preparing cationic U.F. resits 
have been described (79). The use of U.F. resin/starch adhesives 
and sizes in paper conversion is increasing, and adhesives based on 
U.F. resins containing amylopectin (20) and high-molecular-weight 
polvhydroxy or polyamino compounds, such as dextrin, pectin and 
alginates (21) have been patented. An interesting development is 
the use of polvcondensation products based on urea, thioun-a, 
biuret and A- alkyl- and A’-aryl-ureas for paper tilling to produce 
a voluminous paper, suitable for sound-absorbing, filtration or 
absorption requirements (22). 

The market for paper-based decorative laminates continues io 
increase, and for surface-paper impregnation M.F. resin in spray- 
dried form or alternatively short storage life M.F. liquid resin, 
made by the user, continues to satisfy most of the market. The 
search for satisfactory stable liquid M.F. resins continues, recent 
developments including modification with thiourea (23, 24a), 
toluenesulphonamide (24b) and polyhydric aliphatic alcohols [14c). 
Cyclic ethyleneurea modification of M.F. resins is said to improve 
gloss, dimensional stability and abrasion resistance (24d), and ;i 
new process uses M.F. resin modified with polyvinyl acetate and 
glvoxal to impregnate fibrous sheets, which, after curing, are 
bonded with the same resin. The laminate is stated to be equivalent 
to conventional laminates of twice the thickness (2o). 

Xon-woven fabric impregnated with M.F. resin is proposed as 
a surface laminating base to replace paper (26). Dicyandiamide- 
modified phenolic resin increases the fire-resistance of industrial 
and decorative base laminates (27). A new method of impregnating 
surface sheets of paper for decorative laminates is first to impreg- 
nate in a highly flowable resin containing buffers to retard harden- 
ing. e.g., borates, followed by impregnation of the same sheet in 
a low flow- able resin, highly precondensed, and containing a latent 
hot hardener, e.g.. an ammonium salt of an acid (23); no overlay 
paper is necessary. 

Textile finishing 

In the textile field, dimethylolurea (D.M.U.) is still largely made 
by users for crease-resisting fabrics. For drip-dry finishes, where 
chlorine resistance is important, a steady increase in the use d 
dimethyloiethyleneurea (D.M.E.U.) is noted, and also blends <)t 
this substance with melamine resin, D.M.K.U. /butadiene acrylo- 
nitrile latex mixture improves the compression;!! resistance 
cotton carpet yarns (29). Triazine compounds are also finding 
increased use for imparting crease-resistance (30a ) ; propyleneurea 
has been described for the same purpose (3/6). The newer resins 
have been discussed with particular reference to chlorine absorption 
and subsequent damage to fabrics (31 ) ; U.F., M.F. and cyclic urea* 
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are considered, also polyglycol acetals and epoxy resins. For 
stiffening rayon, nylon and other fabrics, U.F. precondensed resms 
are finding increased use as additives for crease-resistance and for 
direct applications; there is certain use of D.M.U. ethers for non 
woven fabrics, although in this field butadiene compounds are often 
preferred. M.F. resins continue to be more important than U.F. 
resins in glazing applications, particularly for permanent embossing 
0 n cotton. There is still a limited use of U.F. resins in starch sizes, 
although these are being displaced by other polymeric materials. 

Miscellaneous 

The use of rigid foams based on U.F. resins has achieved some 
prominence in the technical literature (32, 33), particularly for 
in situ foaming in cavity walls of buildings. Such foams are stated 
to be mainly open-cell, and thermal conductivities of 0*023-0*30 
kcal./mh c C at 20° are reported (approaching maximum value of 
o>022 kcal./mh°c for still air). Tests have shown the foams suitable 
for use up to a temperature of 1 20" (32). It is stated that 27,000 
rites in north European countries have been sprayed with such 
resin foam, and a system is now available for use in the U.K, (34) . 
The extension of the process to fire-fighting, particularly in mines, 
has been proposed (35). 

Some interesting applications are the production of fire-lighters 
based on hardened U.F. paraffin emulsion, arising out of an earlier 
patent on solid resin/organic liquid emulsified systems (30), and 
fertilisers for turf based on high U.F. ratio condensation products 
137). A U.F. condensate has also been found to be a promising 
control for potato scab (*$£). 

Moulding compositions 

There has been a general revival of the use of U.F. moulding 
powder, largely attributed to improvements in moulding equip- 
ment rather than in chemical composition. During the past two 
years moulding processes have become more fully automatic, 
whereas thev were previousl v dependent largely on individually - 
manned presses. The improvements have been made to meet 
competition from thermoplastics. For large U.F. mouldings, im- 
proved gloss and reduction of gassing and flow-lines is obtained 
with a blend of two resins of different U.F. ratios (39). 

Melamine fortification of U.F. moulding powders is being 
increasingly used to meet specific requirements, and a new develop- 
ment is in melamine-fortified P.F. moulding powders, which are 
s *ated to combine the colour properties of wood-flour-filled M.F. 
moulding powder with the physical properties of P.F. moulding 
powder. 

With the interest in M.F. moulding powders, the emphasis on 
improvement in performance has been stressed, particularly reduc- 
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tion of shrinkage, for which addition of the condensation products 
of .Y-arylbiguanide has been proposed ( 40 ) ; equipment to measure 
such shrinkage has been described ( 41 ). 
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ACRYLIC RESINS (D. M. Woodford, M.A.) 

Scott Bader & Co. Ltd., Wollaston, X orthants 

Acrylic resins have useful properties ; their resistance to light and 
weather is unsurpassed and their low temperature flexibility is very 
good. In the past their use has been limited by price and their 
thermoplastic nature, but new methods of production are now 
giving cheaper monomers and new polymerisation techniques can 
give polymers with anv required degree of thermoplasticity. With 
the removal of the two drawbacks mentioned, the consumption ol 
acrvlics is now expanding rapidly. 

Monomers 

Historically, the lower acrylate esters have been produced from 
acetylene and from ethylene oxide (/. 2), but a more recent route 
is from ketene via [i-propinlaetone (3). A route which is being 
actively explored, but which is not yet in commercial production, 
is the catalvtic oxidation of propylene: 

UHj CH : CHj — ■> ( \l . :< H CHO >( H. : I II - COOH 

If this route proves practicable, very (‘heap acrylic monomers are 
possible. Other -ources which have been discussed include acrylo- 
nitrile (4), lactic add (*>), ethoxypropionic acid (6‘), from com* 
sponding saturated esters (7), and chloropropionatvs (A), maleic 
arid ifJ), caprolactone (10), ucyloxypropionir. acid (//), ketene ami 
formaldehyde (12), succinic anhydride (AS). 

Acrylamide is now available in bulk and is linding a wide range 
of uses by reason of the reactive groups left after ethylenic poly- 
merisation, which may both provide a site for cross-linking 
reactions and confer water solubility on the polymer. The amide is 
normally produced bv the hydrolysis of acrylonitrile (14). 

Other monomers which have aroused special interest arc. 
hvdroxv alkyl acrylates (A>, 10) and chloroacrylic esters (17, Jfy- 
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Polymerisation 

Most acrylic polymers are produced and used in emulsion, 
although solution and suspension techniques are also used, but 
rarely bulk polymerisation. Although the basic techniques of 
polymerisation by free-radical-type initiation are well established, 
some new catalyst systems have been suggested ; they include drier 
metal salts {19), nascent hydrogen {20), a tertiary amine oxide {21) 
and saccharin salts {22). Work has also been done on the possibility 
of polymerisation in emulsion with little or no emulsifier present 
{23), or with a reactive emulsifier (24), and on photopolymerisation 
(25, 20). An interesting technique for polymerising water-soluble 
monomers in a water in oil emulsion is also reported (27). Crystal- 
line polyacrylates have been produced experimentally (28). 

Considerable work has been done on grafting reactions but the 
grafts obtained do not appear to be commercially very important. 

The major held of work in acrylic polymerisations has been on 
cross-linking reactions and it seems probable that in the future 
most acrylic polymers will be cross-linking types, especially if a 
good air-drying system can be developed. It is convenient to 
classify the types of cross-linking by the reactive groups in the 
main polymer chain. Many are possible, but the following are some 
of the most important. 

(1) Carboxyl groups, which can be interacted with, among others, 
phenol (29), amino-formaldehyde resins (30) or epoxides (31). The 
carboxyl groups mav also be ionically cross-linked with a poly- 
valent metal ion (32). 

(2) Hydroxyl groups may be reacted with similar reactive cross- 
linking agents (33). 

(3) Amide groups can be cross-linked with a variety of di- or 
poly-functional agents, including glvoxal (34) and polyisocyanates 
(3,5). They may also be meth violated and further etherifted. These 
methylol or etherifted mcthylol acrylamide groups will react to- 
gether on heating, preferably in acid conditions (36). The -OH of 
mcthylolacrylamidc can also take part in the reactions discussed 
under (1), and acrylamide itself will cross-link by imide formation 
when heated strongly (37). 

(1) Epoxy groups may be reacted with each other (38), or with 
polyfunctional compounds containing reactive hydrogen atoms 
such as acids (3.9), ‘precondensatc resins (40a) t etc. They arc 
reasonably stable to water and can be used in emulsion form. Water 
solutions of phosphate esters may be used (40b) and epoxy and 
other reactive groups introduced to the same polymer chain (41). 

(5) Isocyanate esters of unsaturated acids may be copolymerised 
even in emulsion. The polymers are cross-linked by heating or by 
compounds containing reactive hydrogen (42). 

(h) Unsaturated groups. When a diene is used in polymerisation 
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the residual unsaturation may be used to give further cross- 
linking, as in the vulcanisation of rubber or cross-linking of 
butadiene-styrene emulsions for metal coating. 

Applications 

In the U.S.A, the annual consumption of acrylic esters in million 
lb. is: paint 30, fibres 8, leather 7, speciality plastics 6, textiles 5, 
paper 4, polish 4, adhesives 1, others 1 (43). In this country the 
figures are not available but, apart from paints, the pattern is 
probably very similar. The use in fibres, though considerable, is 
outside the scope of this article (see ‘Synthetic Fibres’). 

No significant quantity of acrylic emulsion paint is made in this 
country, although various speciality paints are made. Metal 
finishes are now gaining acceptance, the ‘Scopacron' range (Styrene 
Copolvmers) being notable. Such finishes may also be applied in 
emulsion form (44). Acrylates are also finding increasing use as 
co-monomers in vinyl acetate emulsions, although the advantages 
of such systems have been questioned (4J). 

Leather-finishing techniques are already well established and 
work has chiefly been concentrated on improving toughness by 
cross-linking (467t) and adhesion by incorporating hydroxy groups 
or ureide groups (46b). 

In textiles, the major work has been on the improvement of 
acrvlic binders for non-woven fabrics (the Supplementary Biblio- 
graphy gives some references). An interesting fiuoroarrylate for 
water- and oil-proofing fabric is also reported (47). 

There has been considerable work in the field of water-soluble 
polvmers, which are used in thickening agents, textile sizes, soil 
suspending agents for detergents, soil stabilisers and bonding 
agents for ceramics (see Supplementary Bibliography for refer- 
ences). One of the applications which is expected to grow very 
rapidlv is in dry bright floor finishes, for which products of high 
molecular weight with fine particle size are used in emulsion form 
(48). 

Other interesting applications include cyanoacrylate monomers 
as adhesives with unique properties (4.9), the use of graft polymers 
in pressure-sensitive adhesives (60) and acrylates for plasticirinc 
and reinforcing polvvinyl chloride (61). 
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INORGANIC AND SEMI-INORGANIC POLYMERS 
(W. Gerrard, D.Sc., Ph.D., A.R.I.C.) 

Xorthern Polytechnic , London, X.7 

Recent demands lor polymeric material complying with exacting 
specifications of resistance to heat (500) , oxidation and hydrolysis, 
have encouraged considerable activity in the search for inorganic 
back-bone polymers. Expressions such as 'heat-resisting’ and 
‘inorganic’ polymers are appearing more and more frequently, and 
at this stage of development it i< well to keep in mind certain formal 
designations or detinitions. Materials referred to as 'inorganic 
polymers' frequently comprise an inorganic back-hone or three- 
dimensional net-work skeleton with organic (often alkyl or aryl.) 
groups attached. Oil the uiher hand, phnsphnnitrilir chloride. 
(PNClo),,, is an example of a truly inorganic polymer. At the 
present time there is a danger of jumping to conclusions on glancing 
at reports on unfinished researches, because of the indiscriminate 
implications of the expressions mentioned above. It is often tar 
from clear in these reports whether the materials made are likely 
to be applicable to the technical service stated. At this fluid stage 
of development extreme caution should be exercised before asso- 
ciating a particular polymer with a specific application. Although 
the polymers produced in a research project may be interesting 
and even have definite potentialities, in most cases precise appli- 
cations have yet to hr established. Project policy has been hovering 
uncertainly between frantic product-searching and the more sedate 
scrutiny of factors influencing the formation of polymer units and 
the bond properties involved. There are those who emphasise the 
need for reliable data on heats of formation and bond energies. 

In assessing the potential applicability of inorganic polynicr> 
referred to in a report, the chance of upscaling the production niu^ 
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be weighed, for much experimentation has been on small fractions 
of a molal scale. This may be due to bench convenience, but if it is 
imposed by a restricted supply of starting reagents, the whole 
project must be assessed in terms of these. Nevertheless, there are 
recent examples of a starting material, formerly in restricted 
supply, quickly becoming commercially available because of some 
other development. This has recently been so of diborane, which 
has very attractive potentialities in the field of inorganic polymers. 

Little more can be attempted in this review than to draw 
attention to systems which have been reported as being under 
examination. The siloxane systems as such have been omitted, 
because these are well established, and their asymptotic limitations 
would appear to be essentially known. 

Recently, a review ( 1 ) on inorganic polymers dealt with the 
general chemistry of a number of systems, and another {2) on the 
experimental approach to boron polymers outlined the essential 
points involved in the search for applicable inorganic polymers in 
general. 

Phosphonitrilie chloride system 

Phosphunitrilic chloride has been known for over a century ; the 
essential fundamental knowledge of its polymeric constitution as 
(PNCI 2 )» has been known for some time (3), and comments on the 
oily, waxv and rubbery consistency are to be found. The poten- 
tialities of this system in providing a great variety of derivatives, 
each entailing application of the modern physico-chemical tech- 
niques for determination of structural and bonding features, are 
prolific, and under the encouragement of sponsors of high-tem- 
pcraturc-polyincr projects, the amount of published work is rapidly 
increasing. Nevertheless it is not at all clear if any of these polymers 
have commercial applications, although their flame-proofing 
properties appear to be established (i, o). 

Materials suitable for gaskets, insulators and packings for use at 
temperatures up to 500' have been produced from asbestos and 
pnlyphosphonitrilic chloride (PNG 2 )„ (6‘). The hexaiso- 

thiocyanate derivative polymerises to an elastomer (7), and the 
chlorides with chain structure — (XPCl 2 ) n («=~e.g., 10) have 
been obtained (S). With a small amount of wafer they gave latex- 
like material. Materials of the type (R S PN)*, where x ~3 or 4, and 
R is an aryl group, are prepared by the reaction ,r(R 2 PX 3 ) f 
x NHjX - ►'(R 3 PN), ; UIIX, where X^ halogen, and have high 
thermal and chemical stability (0). Highly polymeric compounds 
(PN a H), arc obtained by heating phosphonitrilamidcs obtained 
from the trimcric and tetrameric phosphonitrilic chlorides and 
liquid ammonia under pressure (10). Polymers of the type 
(HN:PNEt 2 ) r have been reported (77). 
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Phosphorus-nitrogen-oxygen (PON) polymers 

Resins obtained by the condensation of phosphonic diamides 
appear promising (12, 13), but proper assessment as to their use as 
structural materials has not yet been described. 

H 

I 

RP(0)C1 S + >- R'N 

0 “I 

-> R'XH i V -N - — ! -H 

; 1 1 I 

R R' - w 

The non-volatile and insoluble phosphorus oxynitride (POX), is 
evidently a completely cross-linked polymer with potentialities in 
the held of ceramics (11). 

Phosphinoborine polymers 

The original [13) production <»f ‘resins’, e.g. (Mc 2 PHiI 2 ) 3 , de- 
scribed as having promising heat and chemical stability, was based 
on diborane and its simple alkyl derivatives. Many very interesting 
variations in the groups attached to phosphorus and to boron are 
dealt with in several subsequent publications, but the application 
of the products has been little discussed. 

Two outstanding features recently developed (10-20) are the 
introduction of the CF 3 group, e.g. in jCI' 3 ) 2 PBH.,’ 3 . and the 
insertion of the boron moiety by a comparatively simple reduction 
of a dialkyl or diarylphosphinyl halide by sodium borohvdride in 
dicthvlene glycol dimethyl ether. 

XaliH* 

MejlCl * (McjPHII,), 

The production of diborane for direct reaction with dialkyl- nr 
diaryl-phosphines, R 2 PI1, can now be carried out easily by 
ordinary bench techniques, and investigations in this field have 
been greatly simplified. In recent reports the plmsphinoborines are 
stated to have plastic consistency, excellent heat resistance, 
chemical stability and dielectric properties. Some are suitable as 
hydraulic fluids. The cyclohexyl member [(CjTI n ) 2 PBHj] 3 
suggested as a dielectric (/<$). 

Boron polymers 

The position at the beginning of 1959 has been critically reviewed 
(2). Three outstanding features at present are the relative ease ui 
hydrolysis of boron- oxygen links, the tendency to oxidative fission 
of boron-carbon links, and the trimeric ring-forming propensity, 
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which for example prevents phenylboronic arid, P1 iB( 0H) 2 , from 
polycondensing to HO B — 0| — B — OH, analogous to the 

Ph | n Ph 

siloxane system. ^>-Phenylenediboronic acid, (HO) 2 B-C 6 H 4 \B(OH) 2 , 
(21, 22) would appear to offer possibilities, but the tendency for 
ring formation on the boron is still present, and the very interesting 
structures investigated (23), represented as shown (X~0 or N) 


x x 



are heavily weighted with organic groups, and do not appear 
to show clear prospects of reaching the required specifications. 
The corresponding diboron compounds with, for example, (CH 2 )« 
in place of C 6 H 4 offer no material advantage as yet. In this 
connexion diboron tetrachloride (B 2 C1 4 ) (24, 25) would be a very 
attractive reagent if its preparation could be considerably im- 
proved. An entirely different aspect is afforded by the example of 
the carbon-carbon polymerisation of />-vinylplienylboronic acid, 
^-CH z :CH’C 6 H 4 -B(OH) 2 , to a white, air-stable powder which did 
not melt below' 300° (25). 

Experimentation in the borazole (HB'NH) 3 systems has been 
considerably expedited by convenient kilogramme-scale production 
not only of B-trichloroborazole and the A’-alkyl and A'-aryl 
derivatives, but especially of phenylboron dichloride (and n-butyl- 
boron dichloride) (2, 27). The borazole systems are potentially good 
lor specific investigation. Current projects (2S-30) are the study of 
the separate reactions leading to the borazole structures, the 
evaluation of the influence of substituents on hydrolytic and 
thermal stability and on mechanical properties, and the discovery 
of means of obtaining chains cither by preventing formation of the 
trimeric structure or by linking the trimers together. The following 
have been investigated. (I) has good hydrolytic stability, (II) 
undergoes dehydroclilorination on heating (300-450°) and at 470' 
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gives a mobile liquid which sets to a dark brown solid on cooling, 
and becomes a black, brittle, chemically stable solid at 600°. On 
being heated (III) undergoes polycondensation by elimination of 
n-butylamine and gives liquids and a solid, probably comprising 
chains instead of borazole rings, Aminopolyborazoles are formed 
by eliminating amine from the B-alkylaminoborazoles. />-Phenyl- 
enediamine and boron trichloride give intractable solids due to 
excessive cross-linking, 

A new borazole system (2$) is based on the previous prototype 
development of an M-O-M' polymer (M=B, M'=P) by the elimi- 
nation of alkyl chloride from the 1 : 1 complex of boron trichloride 
and a trialkyl phosphate (32). The B-trichloroborazole-triethyl 
phosphate complex gave first alkyl chloride, and then ethyl 
phosphate and a solid B-mono-alkoxyphosphorvl polyborazole 
which on further heating to 800° was converted into a purely 

0 

inorganic polymer probably containing the skeleton | | \\ 

-N-B-0-P-. 


The evaluation of these materials has still to be effected. 

Organosilicon-substitutcd borazoles ( 32 - 34 ) have been prepared. 
In (IV) when R = Me, the compound is stable to alkaline hydrogen 
peroxide at room temperature, and when R- Me 3 SiO, the com- 
pound is stable to air oxidation and hydrolysis under mild con- 
ditions. When the group attached to boron is OSiMe 3 , the compound 
is not hydrolytically stable. The 2Mri.s(triphcnylsilyl)-compound 
(V), a yellow, highly viscous oil (or, according to another worker, 
crystalline), was found to be stable to dry air, but readily suscept- 
ible to hydrolysis, which caused fission of the B-Si link. 
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M-O-M' polymers 

Prolific researches have involved the development of what may 
be termed M-O-M' or mixed anhydride polymers, including many 
papers from Russian workers ( 33 - 38 ) on structures typified by (VI). 
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Silicon can alternate vvitli aluminium to give an Al-O-Si backbone, 
and phenyl can take the place of ethyl. Such polymers are solids 
which harden on heating, the ethyl polymer faster than the phenyl 
one. Titanium, tin and boron can also be incorporated in the 
backbone. Details of their application are far from clear from the 
literature. Thermal breakdown and oxidation tests (39) seem to 
refer to the thermoplasticity of films on metallic supports, for 
example when applied as dielectrics in machines and apparatus for 
iong service in the atmosphere at temperatures above 130\ In 
general, thermal oxidation by destruction involves the pendant 
organic groups, and results in cross-linking of the atoms 
through oxygen. 

An entirely different approach to M-O-M' polymers has been 
made from a different starting point (31). A complex of a trialkyl 
phosphate and boron trichloride first formed eliminates alkyl 
chloride and develops a solid polymeric material, which finally 
becomes boron phosphate. 


u < ) o o- 

(KO) 3 P :0, bCl B 3RC1 ' g ^ ' P 7 

~c/ -O'''' V>- 

Likewise a trialkyl phosphate and silicon tetrachloride (40) give 
alkyl chloride and silicon phosphate having a network based on 

0- O 

I I. . H 

O-Si-O-P-O- Hydrogen phosphite-boron trichloride systems 
0 O 

have also been studied (41). The probable extensions of these 
prototype reactions are obvious. 


Other systems 

Studies on the -(Si N Si - X - )- backbone systems have led to the 
preparation of compounds having the -SiH 2 *NMe- grouping, with 
about 20 units in a chain (T2). Chemical and thermal stability have 
been evaluated, but applicability has not been assessed. Certain 
urgano-arsenical polymers have similarly been prepared and 
studied (43). Organophosphorus polyesters related to the ‘phoryl 
resins', which have been known for 10 years, and also organo- 
fi/f^° rus P ol y amides and polyurethanes, have been reviewed 
L *). Sulphur nitride polymers are attracting some attention (45). 
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POLYMERS AND COPOLYMERS OF STYRENE AND ITS 
DERIVATIVES (H. B. Hopkins, B.Sc., Ph.D., F.R.I.C.) 

The Distillers Co. Ltd . (Plastics Group) 

General 

I HE production of polystyrene in the United Kingdom increased 
from 22,900 tons in i956 to 39,000 tons in 1959 (7), and the 
production capacity is now estimated to be of the order of 60,000 
tons. Impact-resistant or toughened grades have constituted an 
increasing proportion of total output. This proportion has risen to 
about 40% in the U.K. (7) and 50% in the U.S.A. (2). In 1958, the 
end-use pattern in Britain of polystyrene was as follows (3); 
refrigerator parts, 23%; housewares, 14% ; toys and games, 12%; 
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electrical items, including radios and gramophones, 15%; packag- 
ing, 16°;; extruded sheet (other than for refrigerators) 8%; shoe 
heels, 5% ; expanded materials, 3%; wall tiles, 1%; miscellaneous, 
3%. A similar pattern prevailed in 1959 (1), except that greater 
use was made of toughened, as opposed to general-purpose, 
material. 

Polymerisation and polymer properties 

Untoughened styrene and substituted styrene polymers 

Much work has been published on the subject of storeuspecilic 
polymerisation (i, 5), but no commercially useful polystyrene 
appears to be in production by this means. Integrated processes 
have been developed for the conversion of ethylbenzene, contained 
in a petroleum xylene fraction, to polystyrene. The polymerisation 
is effected either by an aqueous suspension method (6‘) or by the 
use of a sodium dispersion (7). In the latter case, separation and 
purification of the ethylbenzene and the monomeric styrene are 
unnecessary. In another type of continuous process, unpuritied 
styrene is polymerised in bulk to 70% conversion, the excess ol 
monomer and the volatile impurities being removed in a de- 
volatising extruder (<$). 

In radical-initiated polymerisations, a more rapid reaction 
results from the use of a mixture of two catalysts, benzoyl peroxide 
and t -butyl perbenzoate, in conjunction with progressively in- 
creasing temperatures in the range 100-135° (.9). The unsaturated 
dimer of x-methylst3Tene acts as an effective chain-transfer agent 
(10). Polystyrene of high molecular weight may be produced 
rapidly at moderate temperatures (^l>0 c ) by the action of a small 
amount of sodium promoted by a dialkvl ether of a dihvdric 
alcohol (11). Polystyrene of good colour, clantv and electrical 
properties and high softening point may be produced by an 
emulsion technique with hydrogen peroxide as the initiator and a 
quaternary ammonium salt as the emulsifying agent (1~). 

Polymers of high softening point may be prepared by conven- 
tional methods from certain ring-alkylated styrenes, particularly 
/>-t-butylstyrene (130') and o-mcthylstyrene (ill ) (13, It). Com- 
mercial polymers derived from these monomers are not available, 
but a process for the manufacture of u-methylstyrene has been 
described (15). A poly-methylstyrcne that was introduced to the 
market in 1958 (76') has since been withdrawn. Polymerisation ol 
a-methylstyrene at 25°, with a reaction period of 30 min., in the 
presence of sodium and tetrahydrofuran has given a high- 
molecular-weight polymer with the high softening point of K>'> . 
By a similar technique, equal weights of styrene and a-mcthyl- 
styrene gave a polymer with a softening point nf 130 J (17). 'I his 
value may be contrasted with the softening point of 108 reported 
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for a 22-5 : 77*5 a-methylstyrene/styrene copolymer produced by 
a radical-initiated reaction. 

A novel development has been the introduction of lithium atoms 
into polystyrene (18, 7.9). The inclusion of a long-chain fatty acid 
in a mass polymerisation is said to improve the physical properties 
of the polymer and the surface gloss of moulded a'rticles {20). The 
incorporation of tetramethyldiaminopropanol has been recom- 
mended to minimise the degradation of polystyrene on weathering 
[21). Ihc accumulation of electrostatic charge may be prevented 
by the incorporation of a minor proportion of a compatible polar 
organic compound of low volatility, such as A\YA"A"-tetra- 
(2-hydroxypropyl)ethylenediamine (22). Direct halogenation of 
polystyrene has been suggested as a means of conferring flame- 
retardant properties on the polymer (23). Other flame-proofing 
methods have included the incorporation of a bromo-alcohol 
derivative (24) or of highly chlorinated organic compounds in con- 
junction with an antimony compound (25). Water-soluble styrene 
polymers, useful, for example, as sizing agents, are obtained by 
direct sulphunatinn (20). 

Improved flow properties during moulding result from the 
inclusion of a proportion of low-mulecular-wcight polystyrene (27). 
A correlation between molecular structure and rheological proper- 
ties has been reported (28). 

I ntoii^ht'ucd copolvmt’rs 

( opolvmerisation of styrene with acrylic monomers, such as 
methyl methacrylate or acrylonitrile, gives rise to products with 
higher softening points and greater hardness, toughness and 
chemical resistance compared with polystyrene itself. On the other 
hand, the presence <»t styrene in the copolymer confers easier 
processability and a lower price compared with polymers formed 
from the acrylic monomers alone. The weight ratio of the co- 
monomers in the polymerisation charge and the degree of con- 
version of monomer to polymer have to be carefully controlled if 
the desired homogeneous, i.e.. optically clear, copolymer is to 
result. Numerous copolymers of this genera! type have been 
described. 

A styrene methyl methacrylate copolymer is available com- 
mercially (2it). A new process for the production of such a copolymer 
involves the continuous addition of monomers to, and removal of 
polymer/monomer solution from, a coil-shaped reactor in which the 
composition of the contents is maintained at a constant value. In 
this manner, variations in the composition and molecular weight 
°f the product are minimised (3(h). A styrene-acrylic acid co- 
polymer mav be similarly prepared (30b). The properties and 
‘^plications of a styrene -methyl methacrylate copolymer have 
been compared with those of polystyrene and of poly methyl 
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methacrylate (31). The copolymer has good light stability over a 
long period, in contrast to the usual grades of polystyrene. A 
copolymer of a-methylstyrene and methyl methacrylate has also 
been produced (32). 

Copolymers of styrene and acrylonitrile have been available for 
a few years (33). The replacement of styrene in the copolymer by 
a-methylstyrene leads to a further rise in the softening point of the 
material (3-4). Other combinations have included a terpolynier 
prepared from styrene, a-methylstyrene and methacrylic acid (35a) 
and an a-methylstyrene, acrylonitrile, alkyl methacrylate ter- 
polymer (355). A styrene-dimethyl itaconate copolymer and a 
terpolvmer of these two monomers with acrylonitrile are being 
produced in Italy. The properties of these polymers have been 
stated to be superior to those of polystyrene and comparable with 
those of polymethyl methacrylate (36‘). Styrene may be polymer- 
ised by means of a sodium naphthalene derivative to give a ‘living’ 
polymer which may subsequently be used to initiate the poly- 
merisation of another monomer. A block copolymer is therein- 
obtained (37). Active centres may be induced in a polymer bv the 
action of ozone (35), a polymerisation initiator (3&j) or radiation 
(39b). Polymerisation of a monomer subsequently added mav be 
initiated at these centres to furnish a graft polymer. 

Toughened polymers and copolymers 

A detailed examination of the function of rubbers in toughening 
thermoplastic polymers has been reported (40). The incorporation 
uf a rubber into styrene polymers or copolymers may be brought 
about by one of two general methods. In the lirst, the two com- 
ponents are intimately mixed together, for example, by direct 
blending on a mill or by coagulation of a mixture of polystyrene 
latex with a rubber latex. The second method involves the poly- 
merisation of a solution of the rubber in styrene monomer. At the 
end of the polymerisation the rubber is present in the form of very 
small particles which are dispersed throughout the polymer. 

Improvements in toughened materials produced by the blending 
method have been concerned mainly, as in the case of un toughened 
polymers, with the use of copolymers (J f greater c hemical resistance, 
greater strength and higher softening point than polystyrene. A 
material of high impact strength is formed by blending an %- 
methylstyrene, acrylonitrile copolymer with a butadiene/ x-methyl- 
styrene rubber on to which has been grafted, for example, a 
methacrylic ester (41). Another typical toughened product is 
formed by blending 80 parts of an SO : 20 methyl methacrylate 
a-methylstyrene copolymer with 20 parts of a 70 : 30 butadiene 
styrene rubber (42). 

The bulk polymerisation of solutions of rubber in styrene is well 
known, but suspension techniques have been described recently 
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[43) . The stabilised aqueous suspension is usually formed after 
partial conversion of the monomer to polymer. 

The toughening agents employed have included polyethylene 

(44) in addition to the usual butadiene-styrene copolymers or 
polybutadiene. 

Materials that have assumed increasing importance in view of 
their exceptional strength and high chemical resistance are the 
so-called ‘A.B.S.' polymers (aery Ion itrile-butadiene-styrene), the 
properties of which have been reviewed (43). Styrene and acrylo- 
nitrile monomers may be polymerised in a polybutadiene latex 
(40a). Variations have included the replacement of acrylonitrile by 
methacrylonitrile (47) or acrylic acid (46b). A three-component 
blend, derived from a butadiene-acrylonitrile copolymer, a styrene- 
acrylonitrile copolymer and polyvinyl chloride, has been patented 
(46c). 

Since a rubber-toughened thermoplastic is a two-phase system, 
the material will be opaque or translucent, unless the refractive 
indices of the two phases are almost identical, which is not usual. 
By suitable adjustment of the monomer ratios in the two com- 
ponents, a transparent toughened styrene copolymer may be 
obtained (48a). The relatively large difference between the re- 
fractive indices of polybutadicne and polystyrene makes it neces- 
sary that the rubber should contain a considerable proportion of 
bound styrene and the resin component an appreciable proportion 
of a co-mononu r with a refractive index lower than that of styrene. 

Toughened styrene polymers may be stabilised against the 
action of heat and light by the incorporation of a compound such 
as tetra(hydroxypropyl)ethylenediamine (48b). 

Applications 

Extruded sheets 

The strength of extruded film and sheet may be increased by 
stretching simultaneously in the direction of flow and transversely 
in the same plane. The properties of mono- and bi-axially oriented 
sheet and film have been compared with those of unoriented 
materials (40). Methods for the heat-forming of toughened sheet 
have been examined in detail (60). Vacuum-forming techniques 
are now in general use. Sheet with improved surface texture is 
obtained if the sheet is quenched by a current of cool gas on 
leaving the die (61). 

The use of polystyrene in the production of microporous sheets 
;>nd films for use as battery separators has been studied (52). 


Moulding 


The most nut able advance has been in the size of articles formed 
by injection moulding. This development lias been facilitated by 
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the use of pre-plasticising equipment which enables a heavier 
moulding to be obtained in a given time from a given machine. 
Large refrigerator liners are being manufactured at a high output 
rate (53). The development of copolymers of styrene with acrylic 
monomers, referred to previously, has permitted the moulding uf 
articles such as oil-filter bowls, furniture polish containers, tum- 
blers, cutlery handles, outdoor display signs and vending machine 
windows for which polystyrene itself would be unsuitable on 
account of inadequate light- or chemical-resistance. 

The production of the exceptionally tough A.B.S. polymers in 
the U.S.A. in 1959 constituted about 6% of the total output of 
polystyrene moulding materials (2). A particular use has been in 
piping and pipe fittings (53rt). 

Expanded materials 

The potential consumption of polystyrene in this application is 
very considerable and large developments are probable in this field. 
The production of expandable polystyrene involves the incorpora- 
tion within the polymer of a volatile material or ‘blowing agent'. 
When the temperature is raised, the blowing agent, now in gaseous 
form, brings about an expansion of the softened polymer, which 
therebv assumes a sponge-like structure. Dichlorodifluoromethane 
(54a) or pentane (54b) constitute suitable blowing agents. Very 
small pores are obtained if carbon dioxide is also included (55). 
Another method involves the addition of an epoxv resin ;md ;i 
curing agent to the beads of expandable polystyrene. The heat 
evolved on curing brings about expansion of the polymer (50). A 
technique for the production of foamed polystyrene of exception- 
ally low density involves partial expansion of the beads without 
mutual fusion bv means of steam, followed by further expansion t<> 
yield an integral foam (5/). Copolymers of stvrene with a small 
amount of divinylbenzcnc give expanded material which is more 
resistant to collapse of the cellular structure than that formed from 
polystyrene alone (5H). The continuous extrusion of expanded 
polystyrene sheet has been described The polystyrene used 

may be toughened (59b), coloured (5.9c) or fire-resistant (00) . 

The principal outlet for expanded polystyrene has been in 
thermal insulation, particularly in refrigeration (01) and in 
building (02). Articles such as portable refrigerators, ice-buckets 
and insulated jugs are now being manufactured solely from 
expanded polystyrene. Larger thermally insulated containers (’(in- 
sist of foamed polystyrene with inner and outer shells made from 
A.B.S. polymer (6’3). In building, slabs of polystyrene foam form 
an effective barrier against the entrance of moisture and the loss yf 
heat (04). Chair frames have been manufat tured from this material 
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Packaging 

Disposable food containers are being produced by a variety of 
methods Thin-wall articles such as drinking cups and pro- 
cessed cheese containers are being produced by injection moulding 
or vacuum forming of toughened polystyrene. The latter technique 
is also employed in the manufacture of thin-wall trays for food- 
stuffs. Compared with waxed paper, the plastic articles have the 
advantage of good appearance, greater hygiene and non-absorbance 
of liquids. Medium-wall food containers are being moulded in 
untoughencd material, and injection-moulded fruit punnets are 
also used. Disposable fruit-squash containers, moulded in tough- 
ened polystyrene, have recently made their appearance. Paper-thin 
expanded polymer has been produced (67) and has been utilised in 
the manufacture of rigid cups with a thin, impervious inner 
surface (6X). 

Expanded polystyrene is used for the cushioning of fragile 
articles in transit (69), and biaxially oriented film is used in the 
packaging of food and clothes (70 ) . 

Miscellaneous 

Polystyrene has found a use in lighting fixtures, gramophone 
records and cement compositions, while the toughened polymer has 
found an outlet in shoe heels, particularly of the stiletto type. 
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Appendix 1 


Production of styrene polymers 


So. Catalyst or type of process 
1 Zit uh-r-type 


:> Sodium -alkenyl 
4 Metal oxide 
i*i SusjHuisinn 


Patent fio. 

ft. I*. 81*8,021; 844,941; 
*47,102 

R.r. SOS, 132; 812,17ft 

U.S.P. 2,841,571 
U.P. 8ol 7 
U.S.P. 2,71y,14.H 
U.S.P. 2,934,530 
B.P. 802,061-2 
H. P. 8o3,:il8 


Patentee 

Montecalini Soc. Gen. 

Imperial Chemical Industries 
Ltd. 

Ethyl Corp. 

American Cyanamid Co. 

Shell Chemical Co. 

Dow Chemical Co. 

Monsanto Chemical Co. 


Appendix II 


Polystyrene noth antistatic properties 


.Vo 

Additive 

Patent So. 

Patentee 

8 

Quaternary ammonium compound;? 

U.S.P. 2,8X6,517; 

American Cyanamid Co. 

Pi 

Polyhydric polyester 

3,891,878 

B.P. 781,177 

Styrene Products Ltd. 

11 

Alkannla mines 

U.S.P. 2,891.028-32 

Coler, M. A. 

12 

13 

n 

Substituted cyclic ether 

U.S.P. 3,879,224 
U.S.P. 2,922,770-73 
B.P. 836,798 

Chemische Werke Hills A.*G. 

13 

Copolymer with uusatur.ited add 

U.S.P. 2,912,113 

Monsanto Chemical Co. 

10 

esterifird with a polvhvdric alcohol 
Introduction of carboxyl and acetoxy 

U.S.P. 2,915,839 

Monsanto Chemical Co. 


W»up*i into the hen/enr 


Appendix III 


.Vo. 

Phenols 

ltj 

" 

Auiun-^ 
'4 tlxilllrv 


Type of A it ii Hive 


Antioxidants 

Patent So. 
U.S.P. 2,817,560 
11. P. 777,484 
U.S.P. 3,8X0,577 
U.S.P. 2,789,862 
U.s.ft. -.‘.'.Ml.^r, 


Patentee 
Dow Chemical Co. 
Monsanto Chemical Co. 
Ethyl Corn. 

Union Carbide Corp. 
Dow Chemir.il Co. 
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Appendix IV 


.Ye. Tvp* of AiUitivt 

22 S.ilicoyhnorpkoluu'S 

23 Salicylate alkauolaraiue 

24 D i be n z o v l re $or dno 1» 

2a Hydroxybenzophentme ethers 


Light stain It seta 

Pmtfnt So. 
l 7 .S.P. 2 > &Ot\7‘JI> 

r.s.p. 2 ,; 32 , 3 r»« 
b.p, ?w.m 

B.P. S10,i>;n 


Paltnitr 
1V>W (. lunurnl Co. 


American Cyanamid Co. 


Appendix V 

Copolymers 



C o-mononur 

o U fj ,%t* <; 

Pattn: ,Y->. 

Paitnltf 

2H 

Acrylonitrile 


B.P. *ll/>*r. 

How Chemical Co. 

2 7 



tier. l». MI ,309 

B idivhe Anility u. SM. 





1‘abrik A.-G. 




Or. T. |.ui3,4-|ti 

Badische Anilin- n. Sod. 





E'ahrik A. <*. 

•jr» 

Methylstyr-m-, 

acrylonitrile 

f.S.P. 2,861,44d 

Monsanto Chi-ini* ,il C<-. 


MethyMyn.p.e, 

a- rvii- 

r.s.p. 2 . 8 i« t s;in 


:il 

M'.thyhtyftne, 

inelri.icrylonitri], 

i:.s.r. 


32 

MethyUtyrcne, 

melhacryli'- n< id 

r.s.p. 2,8K.,*9»J 


“o 

Methvhtvrene. 

dialkvl nimaratc 

tr.s.p. 2 .*XW* 


31 

Acrylonitrile, anhydride 

B.P. 

Diamond Aik j Li Co. 


.V ryFcjitril*', dialkvl ban. train 

r.s.p. 2,829,12* 

M*-nv;mto Che mi< -it Co. 


M'-thar-rvlomtri 

e, acrelic ar id 

r.s.p. 2 , 8 .M.tU 



.V rvlonitrile, methvl methacrylate 

r.s.p. 


r,«a 

,, 


r.s.p. 2,g:.i,tt7 


39 

Acrylic atid, methyl iuethar. rvl.it •• 

r.S.P. 2,«1.4t* 


c- 

Acrylic acid, n> 

thy] vinyl fc*to;i»- 

r.s.p. 2 , '29. 123 


«l 

A r »:B<phthylene 


r.s.p. V,f»<3,fi32 


tj 

0'ins.iri?» 


r.s.p. 2 , .*<- 9,1 ft 7 


»:■, 

<.nft 


r.s.p. 2 . '* 2 , 2 ;, 9 

Rohm ,V 11 . 1.0 ( n. 

it 

Meth-;' rvli' t< 

, “th v! acrylate 

B.P. 'iP.Mlfifi 

Dii Pont do Nftmnn*. I- 


Acf-lei,, 


r.s.p. 2 . 

Monsanto ( hemii .il C". 


BWk 





0-I'rjpiolartone 


U.S.P. 2,83a r,.v* 

Dow Ciiemi. a! ( o. 
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Appendix VI 


I'oughened polymers and copolymers 


Bound monomer (s) in 
y ( base polymer 

Bound moitomer(s) in 
rubber 

Patent A'o. 

Patentee 

47 Stymie 
tf M 

49 

(High gel content) 

B.P. 843,729 

B.P. 824,368 

Styrene Products Ltd. 

(Cross-linking Silk iu blend) 

Dow Chemical Co. 

(Cross- linking SBRi 

IJ.S.P. 2,882,268 

iithykne 

B.P. 835,578 

Montecatini Soc. Gen. 


( hlnrcsulphOQaUid ethylene 

IJ.S.P. 2,834,749 

Monsanto Chemical Co. 

hthylenc-vinylene 

U.S.P. 2,945,836 

i, „ » 


carbonate 

Oxidised isobutylene 

U.S.P. 2,804,443 

Hoppers Co. Inc. 


Butadiene 

R.P. 882,303 


Hydrogenated butadiene 

B.P. 840,163 

U.S. Rubber Co. 


U.S.P. 2,834,750 

Monsanto Chemical Co. 


Hiitadienc-styrene 

U.S.P. 2.863,849 

Chemist he Wcrkr Htils 



B.P. 757,531 


(pins polyethylene glycol) 

B.P. 821,889 

A.-G, 

Dow ("he mica 1 Co. 


Butadiene -styrene alivinyl- 

U.S.P. 2 , 80s , 386 

Hoppers Co., Inc. 


bemseoe 

Isopreiu- methyl ineth 

U.S.P. 2,891,018 

Distillers Co. Ltd. 

s; 

acrylate 

Dialkyl fumarate s-.ya Uan 

U.S.P. 2 , 82 1,846 

Monsanto Chemical Co. 

fili Stvrrne auryionittile 

fill 

Isobutylene 

U.S.P. 2,833.746 

Ethyl Core. 

*4 «• 

Butadiene 

U.S.P. 2,802,808 

Firestone Tire & Rubber 

ns 


B.P. 802,094 

Co. 

Goodvear Tire & Rubber 
Co.' 

Union Carbide Corp. 

SB „ 


B.P, 812,808 


B.P. 844,141 

U.S. Rubber Co. 

8 S " !1 

Butadiene styrene 

B.P. 794,400 



U.S.P. 2,941,981 

Dow Chemical Co. 

-,'l " 

ltd t adivne a< ryl"iiilrilf 

B.P. 778,26a 

Monsanto Chemical Co. 

*] 

B.P. 817,141 

Imperial Chemical 




Industries Ltd. 


Butadiene acrylonitrile 

B.P. 837,704 

Farbenfabrikcn-Bayrr 


acrylic acid 

Butadiene -mttbaervJo- 

B.P. 832,823 

A.-G. 

1 mperial Chemical 


nitrile 

Ilthvl acrylate 

U.S.P. 2,835,646 

Industries Ltd. 
Goodvear Tire & Rubber 



Co,' 


tvtrl a* relate vinyl 

U.S.P. 2.899,308 

Union Carbide Corp. 

,h Styrene metharryjonitrile 

chloride 

Butadiene 

B.P. 832,822 

I mperial Chemical 

" Styrciif methaerylic and 

Butadiene styrene 

U.S.P. 2,927,095 

Industries Lid. 

U.S. Rubber Co. 

1 k x-Mrthvhtvrene- acrvlo ■ 

tnetharrylu* m id 
Butadiene 

U.S.P. 2,906,661 

Borg Warner Corp. 

i nitrile 

Stymie- acrylonitrile 


B.P, 833,002 

] m peri al Che mica 1 

methyl methacrylate 
Styrene-acrylonitrile 


B.P. St 1.215 

Industries Ltd. 
Imperial Chen deal 

methyl methacrylate 

J Styrenc-arrvlonitrilc 

I ty t.tdiene aery 1 < -nit ri te 

B.P. 604,596 

Industries Ltd. 

Styrene Products Ltd. 

methacrylic add 





RESINS, DRYING OILS, VARNISHES 
AND PAINTS 

By MEMBERS OF THE OIL AND COLOUR CHEMISTS’ 
ASSOCIATION 
(Convenor: I. C. R. BEWS) 

NATURAL AND SYNTHETIC RESINS (P. Unger) 

)V. A. Mitchell & Smith Ltd., Mitcham 

Incorporation of different functional groups into one resin 
molecule continues to be increasingly practised, making classifica- 
tion more and more difficult. Many new raw materials have become 
readily available, particularly for alkyd resins, reflecting the 
shortage of established materials and of natural resins as well as 
fruition of new methods of manufacture. Among novel products 
described may be singled out development in polycarbonate 
coating resins, preparation of an unsaturated cyclic boron-contain- 
ing polvmer (j) and resins based on a natural product, boleko 
oil (2). ' 

Alkvds and polyesters 

A method for calculating viscosities of simple alkyd resins 
solutions has been developed (3), based on an equation relating 
ideal behaviour with that found in practice. It enables the viscosity 
of solutions of a particular alkyd in any solvent to be calculated 
using a single determination in another solvent and solvents of 
known characteristics. Tables of experimental and calculated 
results are presented. The Flory theory of gelation of alkyd resins 
has been extended to cover mixtures of mono- and di-basic acids 
with pentaerythritol or two different polyols (4). Unlike the 
Carothers equation, the relationship obtained has given good 
agreement with experimental results. 

Formaldehyde has been used as a functionality reducer in penta- 
erythritol alkyds (<5) and is added at any time after the alcoholysis 
stage, prevents gelation in short oil formulations and reduces 
phthalic anhydride sublimation. Its effect is explained by cyclic 
formal formation, which is shown by the splitting off of water. 
Modification of alkyds with benzoic acid has been claimed to 
improve the alkali resistance (6*). The fatty acid used is pre-rcactei 

4M 
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with the benzoic acid and it is thought that this leads to cross- 
linking through the benzene nucleus in the final film. Alkyds 
modified with salicylic acid have good through -dry and heat- 
resisting properties (7). 

New processes for making vinyl monomer modified alkyds of 
desired properties have been described but are largely empirical. 
A study of the reaction of drying oils with styrene, vinyltoluene 
and cyclopen tadiene (8) under widely different conditions, followed 
by isolation and identification of the products, has illustrated the 
complexity of the polymerisation processes involved. Preparation 
of highly styrenated epoxy esters has been surveyed (0), attention 
being drawn to single-stage methods for making vinyl-modified 
polyesters. 

Improved water-dispersible styrenated alkyds based on poly- 
glycols have been claimed to give glossy pigmented films (10) and 
to require no colloidal stabiliser, which results in better water- 
resistance. Publication in the United Kingdom of a further patent 
describing the Iloenel finishes (11) has given examples of the 
hydrogen peroxide treatment of the polyester portion to improve 
compatibility and film properties. 

There have been many new ways of preventing air-inhibition of 
the cure of unsaturated polyesters, including the use of an un- 
saturated did (12), of epoxidised unsaturated oils (i<3) and the 
addition of stcaryl esters (14) and of tung oil (15). Examples of 
novel catalyst and stabilising systems for unsaturated polyesters 
involving, among others, salts of various transition metals, have 
been given in the patent literature. 


Amine- and phenol formaldehyde resins 

A method of preparing novel, very stable solutions of high 
formaldehyde content involves absorption of generated formalde- 
hyde gas into urea or melamine (16). Examples of a process for the 
continuous manufacture of resins from these are given. Amino 
resin production and properties, with particular reference to avail- 
able raw materials, have been reviewed (17). The effect of im- 
purities, e.g., traces of aluminium, on the condensation rate of 
melamine with formaldehyde lias been considered (18). Preparation 
and use of new substituted melamines, including A A -substituted 
melamines (10 ) , cyclohexyhnelamino (20), A T -t-octylmelamine (21) 
and also melamine- -formaldehyde resins etherified with but-2-en- 
bol (22) have been described. Heat-curing, water-soluble melamine 
"formaldehyde resins have been obtained by eo-eondonsing mela- 
mine with aldehydes and ketones (2.?). 

Details have been given of the use of a diphenolic acid, 4,4-bis- 
(l-hydroxvphenyl)pentanoic acid, for preparing a whole series of 
r esins suitable for stoving films (24). Hoenel (11) has described 
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examples of water-thinned phenolic resins derived from phenolic 
acids. 


Epoxide resins 

The detailed mechanism of the cure of epoxide resins by amines 
has been reviewed (25). Cured products have been examined by 
infra-red spectroscopy and the effect of the structure of the amine 
is discussed. Preparation of epoxide resins from various new sources 
has been reviewed (26). Direct epoxidation of unsaturated olehns 
and aldehydes has been achieved with hydrogen peroxide U , , 2#). 
Continuous production of glycidyl polvethers is effected \ con- 
tacting an epichlorohvdrin, phenol and acetone-water feed mixture 
in an elongated, heated tube in the presence of alkali (29) l. Liquid 
epoxy resins have been modified by catalytic reaction with acids 
and phenols to give varnishes (26, 30). 


Ethenoid resins 

Interest in thermosetting acrylic resins has been maintained. 
One series is prepared bv incorporating a proportion of acrylamide 
into a vinyl copolymer and subsequently reacting the amide aniin,, 
^roups with formaldehyde, and then ethenfymg (31a). 13y making 
use of the wide compatibility with other resins and adjusting the 
components of the vinvl copolymer, products with tailor-mack* 
characteristics can be obtained (31b. c). Other systems are based on 
mixtures of amino or epoxy resins with acrylic copolvmcrs con- 
taining respectively carboxyl (32. 33a) or hydroxy (Mb) groups 
in order to achieve compatibility. Products of partially polymerise, 1 
non-drying alkyds with vinyl copolymers containing epoxy group- 
for cure with amino resins have also been prepared (44). 

Analogous thermosetting aqueous disper>iuns <>l acrylu o>- 
polymers mixed with glycol epoxy ethers (3-7) and emulsions " 
epo'xv-aerylic- aldehyde copolymers for cold-curing with aiima- 
have been obtained (30). Other aqueous stovmg systems lw 
included cross-linked methyl vinyl ether maleic anhydride .' 
polymers (37). mixtures of acrylic emulsions and aqueous pin 1 
formaldehyde resins (.%) and modified polyvinyl acetate cmuki 

(39). 


Resin analysis 

Many of the papers dealing with resin analysis published dunns 
the past 25 years have been collected and edited and are ^ 
available in one volume (40). New spot-test reagents i. 
utilised for resin identification (41) and a procedure for . .• ■ ■ 

chlorosulphonated polyethylene resins has been developeu l i { 
A STM standards for the determination of the epoxy coi 
resins (43a) and of benzoic acid and phthahe acid isomers 
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well as of rosin {43c), in alkyds, have been issued. Any dicarboxylic 
acid, including isophthalic acid, in alkyd resins may be estimated 
by titration with alkali in a non-aqueous medium (44). Results of 
comprehensive alkyd analyses, including the use of paper- 
chromatography and ion-exchange resin techniques, have been 
published (45). Polyols in unsaturated polyesters have been 
identified by the former technique (46). 
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PIGMENTS AND PAINTS (R. J. Cole, B.Sc., F.R.I.C., 
A. M. I. Chem. E.) 

Paint Research Station, Teddington 

Pigments 

T here would appear to be a few new pigments of some significance: 
a vapour- phase zinc sulphide-coated barium sulphate (e.g., 
ZnS) has been claimed to be superior to ordinary process lithopom: 
(7), spinel-type compounds of the formula MO,Al a O s (where M e 
M g, Zn or Ca) proposed as inexpensive chalk-resisting white 
ments or fillers (2). and calcined lead phosphate/silicate claimed t" 
reduce paint blistering («?). The influence of trace elements and trie 
use of sodium hypochlorite as oxidising agent for the iron in ferrite 
yellow pigment preparations have been studied (■/). 
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The following are among many interesting examples of pigment 
pretreatments and pigment/medium interaction products: insoluble 
cross-linked vinyl or vinyl/allyl treatment (5), vapour-phase 
ethylenically unsaturated monomer treatment in the presence of a 
free-radical generating polymerisation initiator (6), and a poly- 
meric azo dye made by diazotising a copolymer of aminostyrene 
and methacrylic acid and suitably coupling (7). 

An important comprehensive study of the light-fastness of 
organic pigments has been carried out, a large number of these 
pigments being used as tinters for chalk-resistant titanium dioxide 
in five paint systems at three concentrations. Exposures were made 
outdoors (Florida up to U months) and the colour changes reported 
in NBS units. Organic pigments now provide a full spectrum of 
hues in any degree of light-fastness, provided that a number of vat 
colours, specially prepared for paint purposes, are included (5). 

The reinforcing properties of carbon blacks in rubber have been 
well studied, but for a number of years now it has become in- 
creasingly apparent that carbon blacks are not chemically inert. 
The concept of an acidic surface was once invoked to explain 
dispersion of the pigment in oleoresinous paint media (9), but 
recently the importance of quinonc and hydroquinone groupings 
on carbon black surfaces, revealed by infra-red spectroscopy (10), 
has received emphasis, and a quantitative chemical method of 
determination has been described (11). 

The performance of a precipitated pigment in paint making is 
affected by the way it is dried from the water- wet paste. Spray 
drying has many advantages but there have been economic diffi- 
culties. Of interest, therefore, is a new spray dryer which is claimed 
to be capable of drying pastes of much lower water content than 
was previously* considered possible (12). Also, freeze drying of 
pigments has been claimed to give rise to easily dispersible 
material (13). The question of whether more water-wet pigments 
might not be ‘flushed’ directly into paint media to obviate drying 
altogether is a perennial subject for discussion (11)', some new 
patented procedures have appeared (lo). 

Many important contributions to the knowledge of powders in 
general, and pigments in particular, have been made at a recent 
symposium (10), and fundamental problems presented by the use 
() f different methods of particle-size analysis and the utilisation of 
the data obtained have been reviewed (11) Interest in rapid, 
accurate methods of particle-size analysis continues ; a noteworthy 
addition being the determination of the number and size of 
Particles suspended in an electrically conducting liquid by the 
change in electrical resistance which occurs on displacement of the 
electrolyte by particles as they pass through a small aperture (at a 
claimed speed of GOOD particles per sec.) (IS). Krypton adsorption 
an d gas chromatographic procedures (19) for specific surface area 
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have been described. Very-high-resolution electron microscopy 
(magnification of 10,000 to >200,000 times) is at present a com- 
paratively unexplored field of examination for pigments, but some 
interesting preliminary results have been published (20, 21). 


Paints 

Pigment dispersion 

Difficulties of definition and measurement of pigment dispersion 
in paints still exist (22). Bell (21) has emphasised the importance 
of attempting to ’see’ (i.e., in the electron microscope sense) what 
goes on at the pigment medium interface and has pointed out 
advances in this field made in systems of biological importance 
(23) etc, Moll (24) points out that mixing procedures are most 
efficient when conditions allow maximum contribution by the 
pigment to its own dispersion (pigment/volume concentration, 
etc.),, and that ‘seeding*, arising from dilution after milling high 
pigment, low resin pastes, can be reduced by lowering the differ- 
ential resin concentration at the dilution boundary. 

Sedimentation volume as a measure of the extent of pigment 
dispersion has been considered by Robinson (2-5) and Beckmanis A 
Kovacs (26). Robinson follows progress in dispersion by change in 
the volume which the pigment effectively occupies (relative- 
sedimentation volume) and thereby links dispersion with packing, 
which has been considered by many authors (27). After dellcjcc il- 
lation or disaggregation, particles of a pigment are able to pack 
together more closely. The conditions under which a machine can 
apply force in a dispersion process to bring about the separation nf 
pigment particles are governed bv the proportionality between tin- 
volumes of the liquid phase and of the voids between the part irks 
the latter being directly related to sedimentation volume. It is 
suggested that the performance of different types of dispersion 
machines, particularly kneader as against high-speed agitator-type, 
might be compared from the solids content relative sedimentation 
volume plot (26). 

Beckmani? & Kovacs consider measurements of sedimentation 
volume to be better measures of pigment dispersion than viscosity 
shear rate relationships. Thcv studied linseed oil alkvds as hall-mill 
grinding media for titanium dioxide and reported a definite (a0% 
excess over stoicheinmctrir) pentaervthritol content for such alkya> 
to have optimum grinding efficiency. This result is explained on the 
basis of the 'polar nature' and molecular weight of the medium, 
using a concept of Dintenfass (2X) that polar nature must he 
‘supported’ by a molecular weight large enough to nullify van dci 
Waals forces. It is suggested that higher pentaervthritol contents 
would have the effect of reducing the molecular weight, thcrenv 
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offsetting the dispersion factor, which is considered as dependent 
on an increased number of polar groups in the molecule. 

The effect of fatty acid and molecular complexity of media in 
dispersion processes for whiting have been described. Fatty acids 
are considered to form thin, and complex media to form thick, 
interfacial layers (this affects oil absorption) ; fatty acids displace 
adsorbed polymeric materials from whiting surfaces (29). 

Effects of paint-making procedures on the state of pigment 
dispersion obtained are, e.g., effect of solvent balances in an 
epoxy-urea system, flocculation at the ‘letdown’ process after 
mixing at high pigment loading, flocculation caused by incom- 
patible varnishes, specific effects with a styrenated alkyd system, 
etc. The state of dispersion has been satisfactorily studied with the 
optical microscope ( x 450 for titanium dioxide paints). With such 
a method of evaluation, application of the cover glass in the 
preparation of the microscope slide will often cause the appearance 
of complete dispersion when viewed immediately; in a flocculating 
svstem, however, this will be evident after a lapse of a certain time. 
By making suitable comparisons and giving time for potential 
flocculation to occur, the technique allows the effect of corrective 
measures to be examined (30). 


Universal tinters 

Since the last Report (27), another patented procedure has 
appeared (57) and Haberfeld (32) has discussed the problem as the 
formulation of a set of dispersions of suitable pigments in such a 
vehicle that both solvent-base and latex-base paints (both for 
architectural finishes) may be uniformly tinted. Difficulties have 
been experienced in the selection of suitable bright red and yellow 
pigments for this purpose. As far as the vehicle is concerned, a 
/Heat of vaporisation X de nsity 1 } 1 
solubility parameter ( M^ccularTveiiht ) 

suggested and the value should be between 8*4 and 8'5 for universal 
tinters, but evaporation rate, miscibility with water and viscositv 
are also considered important (33). A high viscosity should be used 
so that the amount of non-volatile matter is minimum. The preferred 
procedure is to disperse the pigment in an oil-soluble but emulsi- 
fiable binder; for final use, predispersion in water (for latex paint) 
or in white spirit (for oil-bound paint) is recommended. Surface- 
agent selection can be made on the basis of H.L.B. number 
(hydrophile lipophile balance) (57). Scheufele (55) also refers to 
H.L.B. and considers the selection of surface agent the most 
important factor in formulating universal tinters; with non} 1- 
phenol-ethylene oxide condensates a sharp maximum in effective- 
ness was found at a particular ethylene oxide content. 
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Heat-resistant coatings 

McKinnie (36*) has reviewed an interesting field of special 
coatings, described as ‘ceramic frit* or ‘conversion coatings’. When 
subjected to heat sufficient to destroy any organic binder, such 
materials are converted into coatings more or less similar, according 
to temperature conditions, to ceramic coatings. One aim of the 
development is to reduce the gap between organic and ceramic 
coatings, a demand for such coatings, e.g., for missile applications, 
in the U.S. being indicated by certain official specifications (37). 
Some of the newer refractory materials involved in these coatings 
are metal carbides, sulphides, nitrides and borides, whilst lead and 
zinc oxides are stated to increase the adhesion of the coatings to 
metal surfaces. In addition, ‘bloating’-type coatings containing 
carbonates that evolve carbon dioxide on heating are said to be 
potentially useful for fire-resistant applications. 

A new polymer, described as more like a ceramic than a plastic, 
has a temperature stability of compared with a maximum 

of i>00'F for known organic polymers and 000 3 v for certain known 
inorganic polymers, e.g.. phosphinoborines of U.S. development. 
The composition of this material has not yet been disclosed, but it 
mav be related to poly-phenvleneboronous acid (3$}. 

General 

Questions of paint durability, corrosion protection, etc., continue 
to engage much attention and painting conditions overseas and 
methods of test used in other countries are of growing interest. The 
importance of surface preparation before painting continues to be 
emphasised (3.9). 

Certain publications of the Paint Research Station previously 
held confidential to members have been released for more general 
circulation. 
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DRYING OILS, DRIERS AND VARNISHES (G. H. 

Hutchinson, A.R.I.C.) 

A. B. Fleming & Co. Ltd., Edinburgh 

Chemical modification of natural fats for tiie production of 
chemical intermediates, plasticisers and polymers has been a topic 
of major interest, and the developments in this field show promise 
of new outlets for unsaturated vegetable oils in the surface coating 
and allied industries. In the U.S.A. there has been continuing 
interest in vinyl ether polymers derived from drying oils and m 
epoxidised oils; both animal and vegetable fats have been investi- 
gated as raw materials for oleochcmicals. In the United Kingdom 
new’ information has been published on the chemistry of fatty acid 
condensation products (unsaponifiable drying oils). 

The expanding alkyd resin industry continues to hnd a ready 
market for drying oils and there have been several recent contribu 
tions on the use of tung oil and segregated fish oils in this field. (^° e 
Supplementary Bibliography.) 
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Drying oils 

Linseed oil has continued to be the principal drying oil and there 
has been an increasing interest in soya-bean oil for alkyd resin 
manufacture, There has been little further information as to the 
availability of safflower seed oil, although there are indications that 
there is increasing cultivation of the plant in the U.S.A. (7). An oil 
of the linoleic-rich class such as this would find a ready market in 
the paint industry if it were available in quantity and at prices 
competitive with those for linseed and soya-bean oils. 

A new method for the polymerisation of drying oils has been 
investigated in Holland ( 5 ). Voltolisation’ of linseed oil by the 
action of electric discharges in a low-pressure hydrogen atmosphere 
produces a polymerised product with a structure completely 
different from that of the thermally polymerised oil. In contrast 
with the thermal product, it has a higher degree of polymerisation 
at low viscosity and contains very little cyclic material. It is 
suggested that the polymerisation proceeds through the coupling 
of radicals formed by "the action of atomic hydrogen. Some in- 
formation on surface coating and pigment wetting properties of 
Voltolised oils would be useful. The effects on drying oils of y- 
radiation from a fl0 Co source have been investigated (3). With 
linseed and soya-bean oils, there was a bleaching effect, increase in 
viscosity, and a tendency for the unsaturation to undergo structural 
changes {cis tram isomerisation and conjugation); tung oil showed 
'\ decrease in conjugation and polymerisation to a benzene- 
insoluble product. It has been concluded that the extensive 
radiation necessary to effect desirable changes would not be 
economically practical at this present time, For further information 
on irradiated oils attention may be drawn to the studies conducted 
some years ago at the Paint Research Station (4). 

For a study of the chemical constitution of drying and semi- 
drying oils, gas chromatography is an important analytical tool 
and there have been several recent papers on the subject (5). New 
developments in liquid partitioning agents (oa, b) have made 
possible the complete separation of methyl esters of drying oil fatty 
acids; the method is accurate and ideally suitable for the rapid 
analysis of micro quantities of fats and oils. 

The reactions of drying oils with hydrocarbon monomeis 
(styrene, vinyltoluene, cydopentadiene) have been investigated (6) 
and the nature of the reactions, the chemistry of adducts and 
copolymers and various methods of modification, have been 
studied. In the treatment of drying oils, vinyltoluene differs from 
styrene in that it can be incorporated with greater ease to give 
homogeneous polymers; in other respects the tw'o behave similarly 
as vinyl monomers in the various polymerisation reactions. Cyclo- 
Pentadiene, in contrast with the other two monomers, appears to 
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combine with the unsaturated fatty chains via formation of highly 
reactive Diels Alder adducts. 

New products from drying oils and fatty acids 

There has been a sustained interest in vinyl ether polymers 
derived from linseed and soya-bean, fatty alcohols, and the trend 
towards their commercial development has been maintained. 
Mustakas ct ai (7<r) investigated processing conditions in the 
atmospheric vinylation of conjugated soya-bean alcohol, using 
welding-grade acetylene gas and potassium hydroxide catalyst, the 
highest yield being obtained with 4% KOH at 180 UK) '. In the 
polymerisation of vinyl ether monomers variables such as catalyst 
concentration (SnCl 4 h initiation temperature, type of solvent and 
influence of moisture, etc., have been studied [7b), A process has 
been developed t#V) tor the pilot-plant preparation of conjugated 
soya-bean-lower alkyl vinyl ether copolymers and further progress 
towards commercial production is indicated by the development of 
methods for catalyst disposal and solvent recovery. Gust et al. (7d) 
have prepared the non-conjugated vinyl ether monomers Iron) 
linseed oil alcohol- by trans-etheritication with ethyl vinyl ether 
and studied the tUm-furming properties (air drying and stoving) of 
the non-conj ligated hnmopolymers and copolvmers. Stoved dims 
had excellent adhesion to glass, black iron and aluminium sub- 
strates and were unusually resistant to chemical attack. Another 
interesting development in this flold (.S') concerns the copolymer 
isation of polyunsaturated vinyl ethers with polyreactive mono- 
mers. e.g.. allyl vinyl c*th<r and 1,2-divinyloxyethane. On sub- 
sequent polymerisation and film formation the cross-linking action 
of such monomers would be expected to lead to increased film 
hardness and chemical resistance. 

Applications for fatty arid derivatives in the field of epoxy 
resins have been described bv Golb and co-workers Epoxy 
resins have been made from epoxidised glyceride oils and phthalir 
anhydride in the presence of an amine accelerator and various 
other epoxy resin systems incorporating epoxidised soya-bean nil 
have been investigated {Ob, 10). 

Developments in ‘oleochemicals’ have been discussed by Ault 
(11), and there appear to be new industrial outlets for animal and 
vegetable fats. Interesting new materials having potential value a* 
plasticisers are the fatty derivatives containing a phosphorus- to- 
carbon bond, e.g., trialkvl 9,10-phosphonostearates. 

There has been fresh information on unsaponiliable condensation 
products (12). These novel materials are drying oils obtained by 
heating unsaturated fatty acids under certain conditions in the 
presence of boric acid. The mechanism of the condensation reaction 
has been studied, the evidence supporting the view that the main 
products are py rones formed by the condensation of four molecule 



RESINS, DRYING OILS, VARNISHES AND PAINTS 427 

of fatty acid with decomposition of their carboxyl groups. It is 
probable that the intermediate compounds are ketones and 
anhydrides, which form a boron complex with the catalyst. This 
decomposes on further heating to produce pyrones. There is also 
information on the preparation and properties of varnishes based 
on condensation products and a Variety of resins. Polymerisation 
and condensation reactions of fatty acid derivatives have been 
studied by Clement (13) and Poisson (14). p-Keto-esters from the 
Claisen condensation of ethyl esters of drying oil fatty acids have 
film-forming properties, as have their products of saponification 
(symmetrical ketones) (13 ) ; ethyl esters of drying oil fatty acids 
can be condensed with linseed oil to form a j3-keto-triester of 
enhanced reactivity. Polykcto-diacids from the Claisen condensa- 
tion of diethyl sebaeate have also been obtained. Poisson (14) has 
studied a new class of monoamides and polyamides derived from 
drying oil fatty acids. The former are prepared by the condensation 
of unsaturated fatty acid with the corresponding amine, and 
diamides from a polyamine such as hexamethylenediamine and an 
unsaturated fatty acid. The thermal polymerisation and autoxi- 
dation of these compounds leads to the formation of chemically 
resistant products. 
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CELLULOSE ESTER AND ETHER VARNISHES (E. H. 

Davies) 

Slick Brands Ltd., Croydon 

Coatings 

The stabilisation of cellulose ester or ether films against ultra-violet 
degradation is achieved bv incorporation of a polymer of vinyl or 
allyl salicylate in the lacquer (7) and (specifically for ethyl cellulose 
films) 2,4-dihydroxybenzophenone. The addition of 1% by weight 
(calculated on the ethyl cellulose content) is necessary, but an 
antioxidant, />-t-pentylphcnol, is ineffective even at 5% concentra- 
tion. Mixtures of this antioxidant and the ultra-violet absorber 
(0-5% each) are, however, effective (2). The prevention of atmo- 
spheric breakdown of ethyl cellulose films may be achieved by 
addition of 0*005-5% by weight of an antioxidant and an acid- 
accepting epoxy compound and 0*1-2% of a neutral organic 
phosphite. The preferred antioxidant is 4.4'-thiobis-(3-methyl-6-t- 
butyi) phenol (5). 

The essential properties of lacquers (first and second) for appli- 
cation to polystyrene, cellulose acetate and other plastics employed 
in processes necessitating the vacuum deposition of either silver or 
aluminium, have been determined (4). The process of silver-spraying 
similar plastics depends for its success on the lacquers employed. 
The first lacquer should not attack the substrate and the second 
lacquer should not attack the first. Aliphatic solutions of acrylic 
° r methacrylic resins as the first lacquer followed by alcoholic 
solutions (e.g., of polyvinyl alcohol, nitrocellulose) fulfil these 

renditions ($). 

The adhesion nf cellulose ester resin and cellulose ether/resin 
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lacquers to plastics has been critically examined by Thinius (t>) 
with a view to assessing those best suited for any specific material. 

A preparation containing 5-30% of cellulose acetate-butyrate 
(butyral content 46-50%), 5-75% of ethyl acetate, 5-75% of 
isobutyl acetate, 5-40% of ethyl alcohol, 5-75% of toluene and 
5-35% of dimethylformamide dries rapidly and possesses excellent 
adhesion for vinyl copolymer plastics (7). Cellulose acetate- 
butyrate possesses outstanding characteristics in lacquers intended 
for use on insulated magnetic wire ($), and gives an excellent 
strippable protecting coating when combined with M-l$% 0 f 
plasticiser and 0-2-1 *5% of soya-bean lecithin (V). 

Lacquers which remain completely tackfree are produced by 
combining cellulose acetate-butyrate with polymerisable styrene 
and other monomers [10). Completely insoluble films may be 
obtained from lacquers containing cellulose acetate-butyrate in 
conjunction with a butylated urea formaldehyde resin. Degree of 
insolubility increases with increasing hydroxyl content of the 
acetate-butyrate, suggesting that cross-linking occurs between 
these groups and the urea resin. Catalysts such as butyl phosphate 
accelerate the reaction even at room temperature (//). 

Magnetic recording tape, made from cellulose acetate, stretched 
t" a yield point within 5% of its tensile strength, is effect ivelv 
coated with a ferromagnetic composition comprising magnetic iron 
oxide 65%. alcohol-soluble nitrocellulose 10",,. polyvinyl acetal 
20% and plasticiser 5%, all dispersed in a suitable organic solvent 
mixture (72). For coating self-healing condensors it is advisable to 
use ethyl cellulose, cellulose acetate or other cellulose derivatives 
which do not yield oxygen on decomposition (13). 

Lacquers with good stability at 28' and 58° 0 relative humidity 
have been prepared from combinations of nitrocellulose and oxy- 
terpene resins (turpentine-oxygen adduct); these lacquers also 
exhibit excellent resistance to mould growth under similar con- 
ditions of test (14). Furniture lacquers based on the same in- 
gredients, with addition of oxyterpene solvent, were successful in 
a Russian factory, so that lacquers with high solids content could 
be used with hot-spray application, thereby reducing production 
costs by as much as 33% (10). 

The adhesion of nitrocellulose lacquers to casein coatings, e.g. 
as used for bottom coatings on leather, is enhanced by the addition 
of formamide to the lacquer (16). Improvements in the adhesion, 
gloss and close grainedness of nitrocellulose lacquers for leather 
results when the lacquer is applied over a bottoming coat prepared 
from an aqueous emulsion of a film-forming polymer or copolymer 
containing a cation-active dispersive agent based on quaternary 

ammonium compounds, e.g,, .V-octadecvl-.V-methylhcxamethyl' 

eneammonium methyl sulphate (17). The adhesion and 
fastness of nitrocellulose lacquers applied to tinplate or aluminium 



KKS1NS, DRYING OILS, VARNISHES AND PAINTS 131 

are improved by application of two coats of conventional lacquer, 
containing 1% of diphenylamine, to the metal: the coating is air- 
dried at room temperature and then exposed to irradiation from a 
quartz lamp for 20-30 min. The coatings acquire a pleasant golden 
colour and exhibit greatly enhanced mechanical properties (25). 

The increasing use of diester lubricants by the aircraft industry 
has shown that conventional lacquer finishes are generally non- 
resistant to these lubricants. Coatings based on nitrocellulose 
combined with copolymers of methyl methacrylate and other 
acrylic esters display remarkable resistance to diester lubricants 
and also to abrasion and weathering (10). Similarly improved film 
characteristics are claimed for lacquers based on nitrocellulose and 
copolymers of the type butyl methacrylate/alkyd, which also 
permit the easy dispersion of pigments for colouring (20). Nitro- 
cellulose lacquers containing non-drying alkyd, vinyl chloride/ vinyl 
acetate copolymer and petroleum hydrocarbon wax have been 
successfully employed for the rapid de-icing of naval aircraft (21). 

The electrostatic spraying of nitrocellulose lacquers reformulated 
with higher boiling solvents on to wood and the critical moisture 
of the wood itself have been examined (22). The suitability of this 
method of application was assessed by measuring the electrical 
resistance of the lacquer, this being adjusted to a suitable level by 
variation of the content of polar solvent. Bechtold (23) has dis- 
cussed the same subject and examined the commercial processes 
available in this field ; in his view a surface moisture content of 
10% is necessary for satisfactory deposition and adhesion. 

The rapid dispersion of pigments into nitrocellulose lacquers is 
effected bv the incorporation of either A-vinyl- or A-methvl-2- 
pvrroliriine as a wetting and dispersing agent. Details of the correct 
agent to be used for a wide range of pigments are given (24). 

Analysis and testing 

Nitrocellulose saponified with aqueous alkali in the presence of 
an organic solvent yields sufficient cellulose di- and tri nitrate for 
colorimetric measurement (23) by either a spectrophotometer or a 
photometer. The effect of the organic solvent was investigated. 
In mixtures of cellulose derivatives, quantitative estimation of 
nitrocellulose is rapid by an infra-red technique utilising the 
characteristic 11-92 absorption band, the error being 0*4-1 -0% 
(26). Ion exchange has been used for qualitative identification of 
individual members in mixtures of cellulose ethers and esters. The 
procedure involves hydrolysis of the cellulose derivative, treatment 
with a suitable ion-exchange rosin and identification of the acid 
component liberated. This method is also useful for mixtures of 
polyvinyl esters (2r). 

Marx-Fingi (25) has improved the accuracy of the determination 

the molecular weight distribution of nitrocellulose employing 
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precipitation fractionation. An adsorption procedure with activated 
carbon is useful with limitations for the same purpose for cellulose 
acetate dissolved in acetone. Careful manipulation to separate the 
various fractions is necessary and the ratio of carbon to acetate is 
somewhat critical (29). 

The acetic acid content of cellulose acetate has been the subject 
for a group study. The method comprised controlled solution in 
acetone/water, controlled saponification with NaOH followed by 
neutralisation with sulphuric acid to phenolphthalein indicator 
Some interesting comparisons were revealed in the results obtained 
by the nine different laboratories engaged on the project (30). 
Lacquers intended for keeping as samples as colour standards often 
exhibit change both on storage and on exposure. Tests made on 
lacquers pigmented with titanium dioxide, a light-fast organic red, 
and chromium oxide alone and reduced, revealed that the most 
satisfactory stability could be achieved with a blend of nitro- 
cellulose and a coconut oil alkvd (3i). 

Dynamometer tests on films of cellulose acetate plasticised with 
dibutyl phthalate and deposited from methyl chloride/methyl 
alcohol solution by a controlled method, revealed that there is a 
significant improvement in tensile strength when the films were 
heated to 140-180" for IT) min. It is suggested that reorientation of 
the cellulose molecules produces a relaxation of stresses and an 
increase in molecular packing density (32). An unfractionated 
sample of cellulose triacetate dispersed in ethylene chlorohydrin 
showed greater stability on prolonged storage at 40* than did 
fractionated samples of the same material kept under identical 
conditions. The greater the degree of polymerisation of the tri- 
acetate the less stable was its solution under such test conditions 
(33). 

The effect of prolonged heating at lfiOF on nitrocellulose films 
has been investigated. More than forty additives were examined 
for their ability to confer heat stability, by measurement of the 
viscosity of the redissolved test films, o- and />-Methoxyphennl 
were the most promising (34). The stability of benzyl cellulose kept 
at 100’ f depends upon the degree of polymerisation, unfractionated 
material being the least stable and those fractions of the highest 
and lowest degree of polymerisation exhibiting less stability than 
intermediate fractions. The general trend is for increased heat 
stability in the lower molecular fractions (3-5). 

Plasticisers 

Treating furfuraldehyde with either propionic or butyric a 11 ' 
hydride yielded furylmetharrylic and furylethac rylic acids resperi* 
ively, which on subsequent esterification, hydrogenation and ring 
fission produce y-ketopimclic acids. These may be copolymerised t'» 
give plasticisers suitable for cellulose nitrate and cellulose acetate 
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(36‘). Isomeric acids prepared from dearomatised naphthas (boiling 
range 200-300°) of 55% isoparaffinic hydrocarbon content give 
mixtures of C 5 -C 16 acids on oxidation. Esterification of these acids 
with glycols at 200-220° yielded esters with a higher molecular 
weight, lower melting point and a lower volatility than dibutyl 
phthalate, which makes them suitable for use as plasticisers for 
cellulose derivatives (37). The glycol esters of petroleum naphthenic 
fractions may be used similarly as plasticisers for nitrocellulose, the 
properties of the resultant films from such mixtures being superior 
to those of films prepared with castor oil derivatives (35). The 
acetoacetic acid esters of castor oil have also been suggested as 
plasticisers for nitrocellulose (3$). 

The reaction products of acetoacetic acid and C IS -C 8 alcohols 
have been examined as possible plasticisers for cellulose esters and 
ethers: the derivatives from butylene glycol and diglycols all 
exhibited good compatibility and satisfactory plasticising ability 
with cellulose acetate (40). Hydroxvlated phosphate esters are 
useful for imparting flame resistance to cellulose ester or ether 
films (41) whilst the acetals or ketals of hydroxy carboxylic esters 
impart outstanding resistance to cold checking and ultra-violet light 
degradation (42). The manufacture of botli types of ester neces- 
sitates careful control. 
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SOLVENTS (E. H. Davies) 

Slick Brands Ltd., Croydon 


A wide range of polvols has been used industrially lor many years 
but the increasing types of applications necessitated additions in 
the range. The following new polyols became available: 2-metliyl- 
3-ethylpropane-l,2-diul; 2,2-dimethylpropane-l ,3-diol ; 2.2- l-tri- 
methvlpcntane-1 ,3-diol and 2.2-dimethylbutane-l ,‘J-diol. I heir 
properties, uses .and limitations have been described (/). 

Analysis and testing 

’Solvent’ and solvent power’ are discussed by Eapkov (2), wlm 
considers these properties from the standpoint of phase equilibria. 
A ‘solvent’ is defined as a liquid which, in a given temperature 
range, forms a one-phase, thermodynamically stable sol with a 
given polymer for any quantitative ratio of the components. I he 
concept of 'solvent power’ is thought to be an arbitrary pheno- 
menon. A suitable solvent mixture for cellulose triacetate is put 
forward bv Thummler (3) t who recommends a mixture of chluro- 
riuorin&ted hydrocarbons (b.p. ..-50) with small amounts of 
chloroalkanols. 

A critical examination of the dilution ratio fur various liquiih 
employed in sols of cellulose triacetate reveals that ketone.-' 
generally exhibit the least precipitation elfect with sols prepared 
by dispersion of the cellulose triacetate in various chlorinated an» 
fluorinated alcohols blended with methanol. The precipitation 
t “fleet decreases with increasing hydroxyl content of the tu- 
acetate (■/). 



Kl-SINS, iJRYI NO VARNISHES AND PAINTS 435 

Ointcnfass (5) has investigated the problems encountered in 
solvating a limited number of polymers in a wide range of solvents 
and makes special reference to (a) effective dipole moments and its 
effect on the reaction between solvent and polymer, (6) dilution 
ratios and their relation to the fraction with low molecular weight 
of the tested polymer, (c) mixed and straight aniline cloud points 
and their relation to the molecular weight of the test solvent. A 
new method for determining thiophen in hydrocarbons is outlined 
(#) and improved test methods for measuring the hydrocarbon 
content of lacquer and paint thinner put forward (7). A colori- 
metric process of solvent identification is based on the colours 
resulting when mixed solvents are mixed with an equal volume of 
concentrated sulphuric acid (<$'). 

Measurement of the evaporation rate of mixed solvents by means 
of the thin film evaporometer is improved by the inclusion of an 
automatic recording balance in the apparatus (9). Mixtures of 
methanol with methyl acetate may be separated by adding water 
to the mixture, extracting with methylene chloride, which forms 
an azeotropic mixture, then distilling the non-aqueous methyl 
acetate-containing fraction, yielding pure methyl acetate. Methyl 
alcohol is recovered from the low-b.p. azeotrope by further 
distillation (10). 

The solubility of water in hydrocarbons has been investigated by 
a tracer method. Dry air is saturated with tritium-labelled water 
and is then allowed to come into contact with the solvent under 
test until equilibrium is reached. Direct scintillation counting 
determines quantitatively the concentration of water taken up. The 
temperature at which the test was conducted was important (11). 
lhe solubility of lacquer solvents in water has also been examined 
with use of a specially designed burette. The method is rapid 
and accurate and affords a means of approximate determination of 
the volume ratio of the components in binary mixtures (12). 

dhe dilution ratio of nitrocellulose sols for toluene is a maximum 
with a water concentration in the sol of less than 0-1%, above 
which the dilution ratio decreases rapidly. Addition of alcohols to 
the test sol considerably increases the water tolerance and the 
maximum effect is exerted by adding 20-50% of alcohol, ethyl 
alcohol being more effective than isopropyl or n-butyl alcohols, 
with s-butyl alcohol least effective (13). 

Examination of sols of rubber in hydrocarbons showed that the 
solvent takes part in the development of a radical-chain mechanism 
of rubber oxidation; the more labile the hydrogen atom in the 
solvent molecule, the easier is the chain propagation reaction and 
jhc greater the rate of oxidation. This increased in the order: 
benzol, toluene, xylene, ethylbenzene, isopropylbenzene, tetralin. 
Analysis revealed that benzol added hydroxyl radicals during the 
oxidation process and liberated phenol (11)- 
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General 

The addition of small amounts of normal aliphatic alcohols of 

1- 9C to blown synthetic oils based on butadiene copolymers exerts 
an unusual viscosity stabilisation effect. As an example an 80/20 
butadiene/styrene copolymer was oxidised by blowing to improve 
its film-forming characteristics and then kept at a stable viscosity 
by the addition of 9*7-12 8% butanol (15). The flow, blush 
resistance and drying time of nitrocellulose lacquers were modified 
by adding small quantities of high-boiling solvents. The effect on 
any one of these properties exerted by each of two solvent?,, 
normally regarded as having similar high boiling points, was 
surprisingly different. It is suggested that the relative evaporation 
rates of high-boiling solvents are a better guide to their effective- 
ness than are their boiling points (10). A new solvent for use in 
lacquers with b.p. 223-303 consists of a mixture of alcohols, ethers 
and esters prepared by hydrogenation of the carbunylation product 
of di-isobutene (17). 

High-boiling aromatic solvents used in lacquers, etc., consist 
mainly of trimethylbcnzene combined with traces of methylethyl- 
benzene isomers. Their solvent power for a wide range of lacquer 
ingredients together with their usefulness in formulating have been 
critically examined (16). 2-Xitropropane is suggested as a medium- 
boiling solvent for lacquer manufacture since its evaporation rate 
from deposited films is much slower than that of methyl isobutyi 
ketone. It permits much higher solids content in lacquers without 
film defects and also assists in pigment dispersion (19). Coating 
intended for application to the inside of storage tanks as protection 
against corrosion of subsequent contents offer risk of solvent Hash 
during application and drying: this may be overcome 1 by inclusion 
of traces of halogcnated solvents and particularly those which 
contain a substantial amount of fluorine in the molecule (20). 

Trichloroethylene employed as a paint thinner is suitable in 
systems of finishing which embrace trichloroethylene degreasing. 
Such paints eliminate the need for expensive firefighting equip- 
ment, reduce production time, coating costs and factory area 
needed for finishing (21). A further improvement involves a tri- 
chloroethylene-based phosphatising bath (22). Improved efficiency 
for trichloroethylene metal degreasing is achieved when 05-20% ot 

2- methoxy-, 2-ethoxv- or 2-hutoxy-cthnnol or diethylenc glvcnl 
rnonobutyl ether is added to the trichloroethylene before vaporisa- 
tion (23a). A mixture of 90 parts by volume trichloroethylene and 
10 parts 2-methoxyethanol is said to degrease metals completely 
in as little as 2J minutes (23b). 

Trichloroethylene stabilised with 0*02% of aniline and also with 
pure methanol were each investigated as solvents for recovering 
valuable gases containing waste styrene monomer. The solubility 
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of the gas in these solvents follows Henry’s law as far as trichloro- 
ethylene is concerned, but with methanol deviations are apparent 
(24). 

A non-flammable paint stripper, capable of removing oil, cellu- 
lose, alkyrl or polyvinyl coatings, has been patented (25). 

Hazards 

Organic liquids with low electrical conductivity are thought to 
allow the build-up of static electricity during rapid movement, 
e.g., pumping, leading to flashing of the mass. The following 
classification of the degree of flammability has been given: 
frt) highly flammable, flash point below 73 c f, { b ) flammable, flash 
point 73-151TF, (c) combustible, flash point above 150 c f (26). 

Friedrich (27) has investigated the efficiency of various halo- 
genated hydrocarbons as fire extinguishers for lacquer fires, etc. 
All the solvents examined were better than water, but those con- 
taining combined iodine and bromochloromethane were considered 
particularly outstanding in their efficacy. 

The toxic effects of solvents have received further attention. 
Oettel (2<V) has compared the differences in recommended safe 
concentrations laid down by the U.S.A., Germany and Russia, and 
West (20) has investigated the maximum safe concentrations 
(p.p.m.) allowable for a wide range of lacquer solvents. Ethylene 
glycol monomethyl ether gave rise to vomiting and other un- 
pleasant symptoms when workers were exposed continuously to its 
vapour. Substitution of ethyleneglycol monoethyl ether completely 
eliminated the trouble ($0). 
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SOILS (A. H. Cornfield, M.Sc., Ph.D., A.R.C.S., F.R.I.C.) 
Organic matter 

The decomposition products of the leaf jitter under forest trees 
ure of obvious importance in the nutrition of the trees, particularly 
where no fertilisers are applied. Ivarson & Sowden (1) compared 
the decomposition, during incubation in the laboratory, of the 
litter from a brown forest soil (mildly acid) under deciduous trees 
with that from a podzol (strongly acid) under coniferous trees. 
Losses of dry matter during incubation were greater from the 
deciduous than from the coniferous litter and the extent of forma- 
tion of ammonia from organic nitrogenous material was also greater 
from the deciduous litter. Nitrate was formed only during the later 
stages of incubation and then only in the deciduous litter. Changes 
in the total as well as in the individual amino-acids in litter hydro- 
lysates are also reported. The total amino-acids as a percentage of 
the total nitrogen first increased and then decreased, the rate of 
decrease being greater with the deciduous than with the coniferous 
litter. There were, however, no significant differences in the pattern 
"f changes of the individual amino-acids between the two types of 
litter. Boeock ct al. (2) and Gilbert & Bocock (3) studied the in situ 
decomposition of samples of oak and ash litter on brown forest 
soils, one being a mildly acid mull type overlying limestone and 
the other a strongly acid mor or moder type overlying slate. Losses 
( >f dry matter in oak litter occurred at the same rate from both 
sites over 14 months. The losses of ash litter were greater than 
those of oak litter at both sites, the rate of loss being greater on the 
m ull than on the moder. On the mull much of the disappearance of 
organic matter was thought to be due to the activity of earth- 
worms. The nitrogen content of the litter increased with time in 
o°th ash and oak litters on moder, but remained constant or 
increased only slightly in the ash and oak litters on mull. 

A fundamental study of organic matter is reported by Drobnik 
w ho determined the respiration rate in the Warburg apparatus 
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of soils treated with glucose. During the initial, primary oxidation 
stage the respiration rate increased to a maximum until all tho 
glucose had decomposed. Thereafter, in the secondary oxidation 
stage, the respiration rate declined. The primary oxidation is due 
initially to the enzyme activity present originally in the soil and 
later to microbially synthesised enzymes. A method of assessing 
the proportion of the two components involved in the primary 
oxidation is described. 

Studies of the nature of the organic substances present in humus 
are as yet limited by the lack of suitable methods for extracting 
humus from soil in an unchanged form as well as for separating the 
large number of complex compounds present in humus. C unison 
et al. (?5) studied paper and column chromatography, under par- 
tition and ion-exchange conditions, high- and low- voltage paper 
electrophoresis and gelatin-gel diffusion methods for fractionating 
humic acids. Only limited success was obtained and the results 
confirmed the very complex nature of the humus system. Schwartz 
(6‘) separated from soils, by chromatographic techniques, acetic 
and formic acid, small amounts of lactic and succinic acids and 
traces of isocitric and tartaric acids. On aerobic incubation of >* »il<. 
alone or mixed with lucerne, acetic and formic acids predominated 
initially but isocitric and tartaric acids increased later. This indi- 
cates the importance of microbiological activity in altering the 
organic acid balance in soils and thus affecting the availability of 
soil nutrients. In this study the increase in isocitric and tartaric 
acids was accompanied by an increase in 'available' phosphorus as 
measured by extraction with 0-aM- sodium bicarbonate. 

Differential thermal analysis has long been used for identifying 
minerals and clays in mixtures, but recently Chesters d al. (?) have 
suggested the possibility of applying the method to the soil organC 
fraction. They present thermograms of .‘18 organic acids and their 
derivatives over the temperature range 50 -800 5 . Reproducibility nl 
the thermograms was good and they readily distinguished between 
the different materials even when these were quite closely related. 

Many extraction techniques have been described for separating 
the organic from the mineral fraction of soils. These methods 
suffered from the drawback that they either extract only a smah 
proportion of the total organic matter present or yield the organs 
matter in a form which is different from that originally in the soil. 
Anhydrous formic acid, particularly when hot, is an effective 
extractant of organic matter from both soils and composts (<V). ihe 
efficiency of extraction was increased by inorganic cations and the 
dissolved material was recovered by precipitation with di-isopropri 
ether containing 1% of acetyl chloride, which held inorgana 
cations in solution. The recovered organic material had a K 00 
physical condition and was low in ash. The carbon/nitrogen lati'j 
and the pattern of sugars, iironir acids, and amino-acids obtains 
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on hydrolysis of the extracted material did not differ markedly 
from that remaining in the soil residue. The method was fairly 
efficient in extracting organic matter, in that 27-43% of the 
organically bound nitrogen in soils and 62- 87% of that in composts 
was removed. 


Nitrogen 

Birch (.9), working with African soils, found that the extent of 
mineralisation of carbon and nitrogen during a standard incubation 
period increased with the length of the period during which the 
soils had been in air-dried storage prior to incubation. I hese results 
are similar to those obtained by Harpstcad & Brage (10) working 
witli American soils, although the latter workers determined only 
nitrate. These findings raise a number of interesting implications. 
There are main* ad\antages in using air-dried over field-moist soils 
during laboratory studies. Since it appears, however, that chemical 
and or biological changes may occur in air-dried soils during 
storage, the period ol storage may well have important effects on 
the results. This may applv not only to carbon and nitrogen, but 
also to phosphorus,’ sulphur and other nutrients which are inti- 
mately associated with the organic fraction of soils. Another 
interesting implication of these findings lies in the extent to which 
the drying-out of soils in the iield may influence the extent of 
mineralisation, and hence availability, of nitrogen when the soils 
are re-wetted. This applies in particular to tropical soils which are 
subject to well-defined wet and dry periods. Here the fertiliser 
equivalent of flu* extra nitrogen which is mineralised as a result of 
the soil being in a dried condition for a certain period may be 
considerable. Birch lias estimated that this may amount to oyer 
a ton of ammonium sulphate per acre due to a 15-week dry period 
for a soil high in humus, and 300 lb. per acre even for a soil of low 
humus content. He has also discussed at considerable length the 
implications of his results on nitrogen fertiliser trials, irrigation, 
effect of shade plants and other factors. 

The increasing extent to which nitrogenous fertilisers are being 
applied to soils in the United States in the autumn has led to 
further studies on the effects of low temperatures on nitrification. 
Anderson (//) found that nitrate production in a sandy Joam 
treated with anhydrous ammonia (150 p.p.m.) was low at 2 - i but 
increased with temperature up to 1H°. Nitrate accumulation 
during 12 weeks expressed as a percentage of that occurring at 
UT° was 72 35 and l at S-.T, f»*6 c , and 2*7" respectively. Sabev 
et al. (12) found that (luring incubation of soils treated with 
ammonium salts the plot of nitrate formed against time gave a 
sigmoid curve indicating an initial delay phase followed by a 
maximum nitrate-producing phase followed by a decline in rate ot 
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nitrate production. There were considerable variations in both the 
delay phase and the maximum nitrate-producing phase between 
different soils. The former increased and the latter decreased with 
increasing temperature of incubation from 0° to 25°. lino (7d) has 
described an interesting method for studying nitrification of 
ammonia in the field. A sample of the soil is enclosed in a polythene 
bag which is then buried in the soil and sampled at appropriate 
intervals for analysis. Polythene is permeable to both oxygen and 
carbon dioxide, has a low permeability to water vapour and does 
not lead to loss of nitrate by diffusion. The method is particularly 
useful where the complicating factor of leaching-out of nitrate by 
rainfall is to be avoided. The use of black polyethylene film as 
surface mulches for reducing weeds and conserving moisture in 
row-cropped soils has been shown (14) to reduce movement ami 
leaching of nitrate and also to increase the utilisation of applied 
nitrogen by maize. 

It has now been established that losses of nitrogen may occur 
even from non-waterlogged soils following treatment with in- 
organic nitrogenous fertilisers. Clark ct al. (15) reported on tin- 
extent of losses as related to type of nitrogenous material applied. 
In incubation tests with 41 arable soils treated with urea, nitrogen 
losses (i.c., nitrogen not recovered as ammonia, nitrite or nitrate) 
ranged from 2% to 4U° 0 of the nitrogen applied. Losses wen- 
usually the highest in poorly buffered soils, those which wen- 
initially acid or developed acidity during incubation and those 
which showed incomplete nitrification of ammonia. On the other 
hand, none of the soils lost nitrogen when incubated with added 
nitrate. Incubation with added nitrite also showed losses of nitro- 
gen, the extent of loss increasing with decreasing soil pH. Tin- 
results indicate that loss of nitrogen from aerobic soils does not 
occur by enzymic denitrification of nitrate, but probably by de- 
composition of nitrite to nitric oxide or by the reaction between 
nitrite and amino-acids or ammonia to give nitrogen. Allison ct til. 
(1 6‘), following studies of the effect of partial pressure of oxygen on 
nitrogen losses from nitrate-treated soils, also concluded that there 
was little danger of denitrification losses from normal wcll-d ruined 
soils. However, in fine-textured soils after heavy rainfall denitrili- 
cation mav occur, particularly in poorlv drained pockets because 
of the slow rate of oxygon diffusion. The loss would be accentuated 
by the presence of easily decomposable materials such as crop and 
root residues. 

Further evidence for the presence of fixed, i.e., mm-exchangeabk. 
ammonium in soils, continues to be presented. Walsh & Murdock 
(77) found that all the soils examined by them contained fixed 
ammonium. Under moist conditions most soils fixed small amount 
of applied ammonium. Freezing the soils increased the extent oi 
fixation, but the greatest fixation was induced when the soils were 
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dried following addition of ammonium. The presence of fixed 
ammonium in certain rocks has been reported by Stevenson (IS). 
He found that 52-68% of the total nitrogen in shales and 24-56% 
of that in granites was present as fixed ammonium. The implica- 
tions of the existence of this reservoir of nitrogen in rocks is 
discussed. 

Further reports on methods of assessing the nitrogen-supplying 
power of soils have appeared. For example, Peterson et at. (19) 
showed that the uptake of nitrogen by tobacco grown on 37 Gray- 
Krown Podzolic and Prairie soils in pot tests was highly correlated 
with both initial soil nitrate and with a microbiological test using 
Aspergillus niger for the first, but not for the second, crop. With 
the second crop total nitrogen uptake was significantly correlated 
with total soil nitrogen and organic matter, soil nitrification rate, 
and ammonia extracted or released by alkaline permanganate and 
sulphuric acid ranging from 0* 1 N to 18x. 

Phosphorus 

Lack of space permits discussion of only a few papers on soil 
phosphorus which have appeared recently. 

Lindsay & Moreno {20) have presented on a single solubility 
diagram activity isotherms of A1P0 4 ,2H 2 0 (variscite), FeP0 4 ,2H 2 6 
(strcngite), Ca, 0 (PO,) 6 F 2 (iluorapatite), Ca 10 (PO 4 ) 6 (OH) 2 (hy- 
droxyapatite), Ca 4 H(P0 4 ) 3 ,3H 2 0 and CaHP0 4 ,2H 2 0 in which a 
function of the phosphate activity in solution is plotted against pH. 
The relative stability of these compounds in soil and changes 
expected to occur upon fertilising and liming maj’ be predicted 
from the graph. It is assumed that the aluminium, iron and fluorine 
activities were limited by the solubility of gibbsite, goethite and 
fluorite respectively. Equations and graphs are presented for 
modifying the basic diagram so as to correspond with an} 7 alu- 
minium, iron, fluorine or calcium activity found in soils or estab- 
lished (luring soil extraction. 

Arambarri & Talibudcen (2/) have reported on factors influencing 
die isotopirallv exchangeable phosphate in soils. In the presence of 
l f| \v concentration of citrate, total labile phosphate was increased 
m a non-calcareous and decreased in a calcareous soil. In the 
presence of a non-chelating ion (diethylbarbiturate) total labile 
phosphate decreased in both soils. The organic anions greatly 
decreased the ‘slowly exchanging’ fraction in both soils. The 
yitrate ion usually increased the ’rapid’ and ‘medium* exchanging 
fractions, whilst the barbiturate ion either had no effect on, or 
decreased, them. Total labile phosphate in six out of seven soils 
wus 8- -H)% higher in sodium- than in calcium-saturated soil. A 
much larger part of the total labile phosphate was found in solution 
1T1 the sodium-saturated soils. At 25* the rate of isotopic exchange 
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of the more slowly exchanging forms of phosphate was four times 
greater in sodium- than in calcium-saturated soil, although the 
total labile phosphate in the two forms was similar. Increasing the 
temperature to 35° doubled the rate of exchange in the sodium-, 
but not in the calcium-, saturated soils. 

Mack (22) studied the influence of soil temperature and moisture 
level on phosphorus availability. Increasing soil moisture from 
30% to 100% of held capacity increased phosphorus uptake at 
high, but not at low. soil temperature. Leaching the soil decreased 
acid-soluble phosphorus and the aluminium phosphate fraction, 
but increased the alkali-soluble (ferric phosphate) fraction. Moisture 
present in excess of held capacity under partial anaerobic and 
non-leaching conditions increased acid-soluble phosphorus but 
decreased the amount available to plants. Losses of phosphorus by 
leaching were increased following freezing of the soil. 

Walker et al. (23) investigated changes occurring in volcanic asli 
soil after 25 years in pasture. The soil contained more than twice 
as much total phosphorus as compared with its original phosphorus 
content under scrub. Although initially 90% of the total phos- 
phorus was in organic combination, at the end of the period under 
pasture only 55% of the total phosphorus was in this form. 

Trace elements 

Alban & Kubota (24) reported oil the extractable cobalt of soil> 
of the South-eastern United States in relation to the cobalt content 
of the leaves of black gum, Xvassa sylvatica. This plant is widely 
spread in the area and has previously been shown to be a useful 
indicator of the cobalt status of native forage species. 1 he cobalt 
extracted from the A x horizon with 2*5% acetic acid dithizniic 
was highly correlated with that contained in the leaves of black 
gum for both the poorly-drained and well-drained soils of the 
region. On an average less cobalt was extracted from the former 
type of soils. 

Hammes & Berger (2-5) found that the uptake in manganese by 
oats in pot tests with 20 soils was most highly correlated with soil 
manganese extracted by O-lx-pbosphoric acid from moist, soils. 
However, results obtained by extraction with 0*2% hydroquinone. 
0-lN-phosphoric acid and l-oM-ammonium dihydrogen phosphide 
of air-dried soils were also significantly correlated with manganese 
uptake by oats. Air-dried storage prior to cropping usually in- 
creased the uptake of manganese by oats, hractionation of the 
manganese of both moist and air-dried soils indicated that the 
extra manganese rendered available upon air-drying stemmed from 
the organic fraction of soil manganese. 

Biggar & Fireman (26) found that the Langmuir adsorption 
equation described the adsorption of borate from solution bv three 
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out of four soils. Wetting and drying the soil following the addition 
of water containing borate increased the maximum adsorption 
rapacity and bonding energy of the soil for boron. Leaching 
experiments showed that boron was removed from three of the 
soils by desorption, whilst the fourth soil showed release charac- 
teristics similar to those obtained from a saturated solution of a 
boron compound. 


Analysis 

Jeffries Sc Thomas (27) have described the use of extracting 
solutions containing long-chain polymers (Superfloc lb or Aerofloc 
3171) which assists the settlement of the soil colloids after shaking, 
so that the supernatant liquid may be sampled for analysis and 
filtration is avoided. Values for available phosphorus and potassium 
obtained in this way correlated highly with those obtained by 
conventional extraction methods using filtration. 

Scott and his colleagues (2S) have shown that the addition of 
sodium tetraphenylboron to salt solutions used for extracting 
micaceous minerals and soils greatly increased the efficiency of 
extraction of potassium, presumably by eliminating the blocking 
effect of the extracted potassium. The method should be par- 
ticularly useful for determining the less easily available forms of 
potassium in the micaceous minerals. 

Paul \ Schmidt (20) found that both OTx-barium hydroxide and 
(KoN-amnionium acetate (pH 0*8) were very effective in extracting 
free amino-acids from soils. Although the former extractant was 
the more efficient in recovering known amounts of amino-acid 
added to soils, the possibility of hydrolysis of proteins due to its 
high alkalinity cannot be excluded. Both solvents extracted 
amounts of amino-acids considerably greater than those reported 
for ethyl alcohol extraction, which method has been commonly 
used in the past. 

Bardslev A Lancaster (30) have described methods for deter- 
mining both the sulphate and the ‘reserve 5 sulphur content of soils. 
Total sulphur is first determined by fusion with sodium bicarbonate 
at nc>() followed bv extraction of the sulphate formed and its 
turbidimetric determination as barium sulphate. Soil sulphate is 
extracted with 0*f)N-ammonium acetate-0*25x-acetic acid and also 
determined turbidimetricallv. ‘Reserve’ sulphur is the difference 
between total sulphur and sulphate-sulphur. The uptake of sulphur 
by white clover in greenhouse tests with 17 soils was significantly 
correlated with soil ‘reserve’-sulphur and not with sulphate. 
Another chemical method for assessing soil sulphur status is that 
°f Kilmer A Nearpass (31), who extracted the soil with 0*5M-sodium 
bicarbonate (pH 8-5) and determined total sulphur in the extract 
by the Johnson- Nishita procedure (32). For 30 surface soils there 
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was a high correlation between soil sulphur extracted by this 
method and sulphur uptake by plants in greenhouse tests. 

The solvent system acetonc-ethvl acetatc-6x-hydrochloric acid 
is satisfactory for paper chromatographic separation of copper, 
cobalt, nickei and zinc in 05x-acetic acid and O-lx-hydrochloric 
acid extracts of soils (S3). After treatment of the paper with 
rubeanic acid spray the copper, cobalt and nickel spots are deter* 
mined quantitatively with an automatic-recording reflectance 
densitometer. Where low concentrations of cobalt were present 
l-nitroso-2-naphthol was used for developing the colour. Zinc was 
determined by cutting out the appropriate portion of the chromato- 
gram, ashing it and then assessing the zinc colorimetrically. 

Barrows & Drosdoff (34) have described a fairly rapid pohnu- 
graphic method for determining zinc in OTN-hydrochloric acid 
extracts of mineral soils. An aliquot of the filtrate is treated with 
an ammonium chloride -potassium chloride-sodium sulphite- 
ammonia buffer (pH 11) prior to polarographic measurement. 

Shaw (35) has described a wet-oxidation method using potassium 
dichromatc-sulphuric acid-phosphoric acid for determining total 
carbon in soils, plant materials and aqueous plant extracts. 
Carbonate, when present, is removed bv treatment with sulphurous 
acid. 
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FERTILISERS (D. P. Hopkins, B.Sc., F.R.I.C.) 

Manufacture 

In the period of this report — -1959 and I960— probably the most 
interesting manufacturing development in Britain has been the 
expanded use of ammonium nitrate in compound fertilisers. The 
ammonium nitrate is produced at Messrs. Fisons’ new factory in 
Essex as a hot concentrated solution (38%), and it is used as a 
part-source of nitrogen in compounding at a number of other 
factories sited in other parts of England, e.g., Devon, Yorkshire, 
etc., being transported from Essex in coil- heated road or rail 
tankers able to maintain a minimum temperature of 85° to prevent 
crystallisation. The costs of maintaining the fluid state are regarded 
as fully recovered by the advantages of fluid handling. A second 
feature of this new venture of 1959 is that the nitric acid conversion 
plant is virtually self-supporting for energy requirements, the heat 
released in the NH^HN0 3 reaction being recovered for all needs 
except a few minor demands such as for pump operating. An initial 
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estimate of annual output of the Essex plant was 140,000 tons of 
ammonium nitrate per annum. The ammonia used is supplied by 
pipeline from a new and adjacent factory, the Shell Chemical 
Company’s nitrogen works, which operates a fixation process based 
upon oil for fuel. Part of the ammonia produced is used for making 
‘Nitra-Shcir at this works. Total output has been said to be 
75,000 tons of ammonia per annum. This addition to the country 's 
nitrogen capacity began in 1959, when it represented an addition 
of about 15}% of current nitrogen fertiliser use. At the usual 
annual rates for expansion of nitrogen use, this might have required 
at least 3 years to absorb, but 1959-60 brought an exceptionally 
large increase in nitrogen usage — over 21 %. The actual production 
increase— above that of 1958-59— was only some 13%. It would 
seem, therefore, that in one year this large additional home 
resource for fertiliser nitrogen has been fullv absorbed. Indeed, in 
1959-60 U.K. production of nitrogen was 19,500 tons less than 
home deliveries to farms. There have been numerous descriptive 
reports of the two new 1959 works (e.g., /, 2). 

Another new manufacturing development of the period lias been 
the introduction by Imperial Chemical Industries Ltd. of a granular 
nitrogen-potash compound, KayNitro’, which is particularly 
suitable for grassland or for ley- arable rotation land which has 
previously been well dressed with phosphate. Granulation without 
the plasticising help of a phosphatic ingredient has been regarded 
as difficult . The process being used has not been described, but a 
U.S. paper has reported a simple flowline for making and granu- 
lating X-K compounds (3); in this, the basic step is the pre- 
neutralisation of ammonia with acid and this precedes mixing with 
potash and granule formation. 

The most prolific source of papers on granulation technology 
still seems to be the United States, where use of the proce ss, having 
started later than here, is still energetically expanding. It must he 
borne in mind, however, that U.S. compound granulation problems 
differ because of the greater use of liquid nitrogen components 
ammonia, nitrogen solutions, etc. In a comparison of two systems 
of granule drying — co-current and countercurrent — it was con- 
cluded that the latter consistently reduced the problem of fume 
formation (4). The greatest amount of decomposition, the cause of 
fume formation, occurs at the dryer throat where the hoi gases 
enter. With co-current drying there is greater decomposition 
because the moist material at this point can adhere to the feed 
chute and feed lifters. With countercurrent drying such decompo- 
sition as occurs is only due to dust particles being carried by eddies 
into or close to the furnace. It was also found that countercurrent 
drying required a smaller fuel input. 

Another paper has revived interest in the pan method of granule 
formation (5), where an inclined pan is used for continuous pro- 
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cessing. The pan rotates at 14 r.p.m. and is set at 30-50 from the* 
horizontal. Larger particles migrate to the bed surface on the edge 
of the lower rim, from where they are discharged; smaller particles 
remain on the pan until they have gained sufficient size to migrate 
to this point of removal. It is claimed that a product of high 
uniformity of size can be obtained, but there is a larger risk of loss 
of ammonia than in the rotary shell method. This 'Flying Saucer' 
method of granulation is being used in Canada for low-N, high-P 
and high-K compounds, and it is also said to be considerably used 
in West Germany. 

The technology of granulation has developed without much aid 
from, or appeal to, pure science, and a British contribution of 
1959 (6‘) has dealt with the fundamental principles and problems 
of granule formation with simple mixtures of sand, salt and 
moisture. This paper has posed the questions: ( a ) why should a 
moist powder w'hen vibrated on a plane surface or rotated in a 
drum form spherical granules, (&) why should such granules have 
appreciable mechanical strength and a density comparable to that 
produced by heavy applied pressures? The large gap between pure 
scientific knowledge about granulation and the empirical develop- 
ment of granulation in the fertiliser industry as a conditioning 
process almost certainly holds answers to a variety of operative 
anomalies, and if this gap can be narrowed better methods of 
processing may well emerge. Another Fertiliser Society paper (7) 
has described the new Dutch State Mines process for granulated 
calcium nitrate; droplets of concentrated solution are seed- 
crystallised during a short fall through mineral oil, the oil being 
later removed by centrifuging. A thin residual film of oil remaining 
on the granules is highly effective in giving good non-caking 
properties. 

Sixty years ago it was suggested that phosphonitrilic compounds 
might have effective fertilising properties. TVA research (5) has 
produced NP products by burning elementary phosphorus in air 
and ammoniating the resultant phosphoric acid at 250-350°. A 
whitish lluffv powder is obtained, with N about 17% and P 2 0 5 
80%, probably a mixture of ammonium metaphosphate, phospho- 
nitrilic acid and the ammonium salt of the latter. Preliminary tests 
have shown good physical properties and excellent crop responses. 
Late in I960 some details of a new British process for manufac- 
turing granular potassium metaphosphate were given (.9). This is 
another chemical substance whose use as a fertiliser has been only 
of academic interest for some decades. The process is a circulating 
bed reaction at about 450° between phosphoric acid and potassium 
chloride. It is claimed that the major economic disadvantages of 
earlier potassium metaphosphate processes have been overcome, 
e.g,, high temperature requirement, severe corrosion difficulties and 
the fused condition of the product. 
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Finally a plea has been made for abandoning the fairly new 
descriptive term 'complex fertilisers’ for certain classes of com- 
pounds (10). The word ‘complex' is itself misleading, and it is 
doubtful whether it is justifiable to distinguish between mixed 
NPK products and those in which two of the plant foods have been 
chemically combined during manufacture, e.g., the nitrophosphatic 
compounds. In any case, the ‘complex' NPK products still rely 
upon ordinary additive mixing for their potassium content. This 
plea has now been strongly supported by an eminent TVA fertiliser 
scientist (II). However, it must be noted that during 1 959-60 
FAO documents have been using and therefore recognising the 
new term. The fertiliser terminology inherited from the pre-1940 
period is far from satisfactory, yet the modern European industry 
seems ready to add yet another misnomer. 

Use of fertilisers 

One of the most significant studies of 1959-60 has been the 
O.E.E.C. study of optimum fertiliser use (Is?). For each country 
actual use of fertilisers has been compared with the* tonnage that 
would be required if optimum rates wen* given to all crops and 
grass. The optimum rate, crop by crop, is defined as ‘that dressing 
which gives the largest net profit if present economic condition', 
are maintained’. The data and calculations were based, however, 
upon 1956-57. This new comparison of national fertiliser con- 
sumptions emerged: 


% of optimum represented by actual use, 1066 57 



N 

P 

K 

Belgium 

68 

75 

91 

Denmark 

64 

82 

79 

W. Germany . . 

73 

78 

HI 

Netherlands 

71 

over 100 

over 100 

Sweden . . 

71 

5<S 

61 

Ireland 

20 

21 

19 

France 

31 

33 

21 

United Kingdom 

51 

HO 

56 


Thus, bv better Eurojx'an standards, onlv our use of phosphate 
had a good rating. These comparative figures obscure the further 
point that in some countries the optimum rates for grassland wen* 
higher than those for British grass — simply because utilisation ol 
grass was of a higher standard, e.g., the Belgian optimum rate for 
N on temporary grass for hay was nearly three times the British 
optimum rate. 

These assessments of use, like average rates per acre for national 
use, do not distinguish between crops that actually receive fer- 
tilisers and crops that are grown without any fertilisers. Often it is 
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non-use that pulls down national figures. A market survey ( IS !) by 
one of the principal British manufacturers, carried out over about 
4 years up to 1959, showed that these percentages of l T .K. acreages 
received a compound fertiliser : 


Crop % 

Cereals . . . . . . 71 

Potatoes . . . . . . 94 

Sugar beet . . . . . . 94 

Brassicae . . . . . . 73 

Temporary grass . . . . 30 

Permanent grass . . ] 1 


1 he restriction of this survey to compound use is not seriously 
limiting for a country where mixed fertilisers are so predominantly 
applied to arable crops ; for grassland, however, even when the use 
of straight fertilisers is included, the percentages of use are raised 
only to 60% for temporary grass and to about 40% for permanent 
grass. 

These assessments are of past usage, however. One of the major 
difficulties in discussing national use of fertilisers is that it takes 
considerable time for reliable data to be collected and collated. For 
the farming year of 1959-60 there has been a sharp advance in 
U.K. use, one of unexpected size, and at present its interpretation 
can only be conjectured. Figures for total use in 1958-59 and 
1959- OU (provisional) are as follows: 


P.0, 

K,0 


1958-59 1959-60 

(thousands of tons) 
310-3 414-6 

384*9 458*8 

375-2 426-2 


Increase , % 


21-7 

19-2 

13-6 


Does this mean that at long last pleas for increased fertiliser use on 
grass have achieved more than slight success? A good deal of the 
advance for phosphate can be explained by an increase of more 
than 25% in supplies of basic slag; this is, of course, mainly a 
grassland fertiliser. Much of the total NPK increase must, however, 
he attributed to compound fertilisers; from 1958-59 to 1 959—60 
compound consumption tonnages rose by 13%. As NPK contents 
of compound fertilisers are steadily rising each year this is, in 
effect, at least a 15% rise in use of compound types. As, therefore, 
we must interpret much of the 1959-60 rise in terms of 'com- 
pounds', can this lit' attributed largely to expanded fertiliser use 
on grassland? The market survey data cited above suggest that 
of the temporary grass given fertilisers, about half receives 
compounds’ and half receives ‘straights’; but for permanent grass, 
a third receives ‘compounds’ and two-thirds receives ‘straights’. 
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On the other hand, another survey in 1057 (14), recently published, 
has shown that 37% of 65*2 grassland farmers interviewed used 
‘compounds’ on grass. If since 1057 the trend to use ‘compounds* 
on grassland has become bolder, then we can perhaps guess that 
about half of the increase in NPK consumption for 1950-60 was 
applied to grassland. Unfortunately the second half of the 1050-60 
season proved the wettest for many years, and as this weather 
effect mainly occurred after fertiliser applications had been given, 
the benefits of the extra use, whether on grass or cereals, have not 
been obvious. In terms of weather 10">0 60 could not have been a 
worse vear for demonstrating the merits of higher fertiliser use, and 
this could slow the further temjK) of advancement. 

Another useful studv of British fertiliser use has mine from ( In* 
industrv (25), largely a collation of statistics about post-war use, 
with special emphasis upon t lie 1050’s. This showed that in tin- 
second half of the 1050's nitrogen use rose by 31*2%, phosphate 
by 9*5% and potash by 11 -8% — but this calculation excludes tin- 
sharp rise for 1959-00 already mentioned. ‘Compound’ use rose in 
tonnage by 19T° 0 , but in terms of NPK content the compound 
share of total NPK applied rose from 6-1*7 to 7n-l%. The production 
of compounds with higher total NPK contents has clearly been 
welcomed bv farmers. In the period 1952 55 the average total 
NPK content of ‘compound?*’ used was 27*66%; by I95S-59 this 
had become 32- 1*%. This study provided data of usage for seven 
English regions and for Wales, Scotland and N. Ireland. 

An American survey of garden (or non-farm) usage in six New 
England states merits brief mention (16). The most revealing 
result was that lawn use accounted for 57% of total garden use; 
vegetables accounted for 26-7% and flowers 11-1%. 1 he pre- 
dominance of lawn use can be partly explained by the larger area 
taken up by grass in many gardens, but it must also be deduced 
t hat the ‘appearance’ factor motivates fertiliser purchases for 
lawns even where little fertiliser is used on vegetable or flower 
plots. The survey showed that about seven-eighths of the garden 
fertilisers used were chemical in kind, with compound types 
dominating. Reasons for non-use were probed and it was dear that 
in many cases sheer ignorance or timidity in choosing a suitable 
fertiliser was the principal cause. A lack of informed advice at 
points of sale was frequently mentioned. The broad findings of this 
unusual survey rnav well be true for most residential areas in 
developed countries. 

The limitations of soil sampling and testing as a guide to 
fertiliser use* have been very thoroughly discussed (17) and new 
data for variations in results due to positions of core-sampling and 
to times of sampling were presented. It was shown that the risk of 
error arising from sampling is ten times greater than the risk of 
error from laboratory analysis. The skill and experience of tin’ 
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adviser who interprets test results is the most important element 
in the relationship between soil testing and fertiliser recom- 
mendation. Almost an ethical problem is posed by this subject. 
Clearly, advisers and soil scientists should know and discuss the 
limitations of soil testing with the utmost realism; yet if farmers 
are equally aware of the uncertainties their faith in what is still the 
best method for estimating fertiliser needs may be too severely 
damaged. However, farmers who regularly use fertilisers perhaps 
rely less upon soil test guidance than is supposed; in a survey 
already referred to ( 14 ), 49% selected fertilisers on the basis of past 
experience of their own experiments, as compared with 24% who 
chose fertilisers from soil test results. This indication came from a 
sample of grassland farmers using ‘straights’ ; its wider applicability 
could be doubtful because of the absence of any reliable and simple 
test for nitrogen needs. 

The use of liquid nitrogen fertilisers, and to a smaller extent of 
liquid NPK compounds, is steadily developing in the U.S.A., but 
in the U.K. the trend not to use solid fertilisers is minute by 
comparison. In a re-investigation of liquid nitrogen fertilisers on 
arable crops and grassland (7&) under British conditions it was 
concluded that arable yields were closely the same with solid or 
liquid sources of nitrogen, and that for grassland the liquid fer- 
tilisers generally gave lower dry matter yields. As there were 
application problems with the liquid products— liquid ammonia, 
ammonia liquor, and two solutions based on ammonium nitrate 
and urea, ammonia and urea — advantages from using liquid 
fertilisers could not be established. 

Forestry fertiliser problems have been much clarified since the 
mid- 1940’s, when the Forestry Commission concluded that even 
young trees differed from arable crops in their nutritional needs. 
A new paper ( 19 ) has summarised forestry research from 1945 to 
the late 1950’s, and it is now clear that young trees from their 
seedling stage show growth benefits well related to NPK supplies, 
whether given in composts or as fertilisers. The ‘Nitro-Chalk’ type 
of fertiliser is now established for top-dressing young conifers, and 
phosphatic fertilisers have been shown to give consistently high 
responses on the acid soils commonly used for growing nursery 
stock. Responses to potash have been found at several centres. 
Forestry practice todav is very similar to that followed for cereals, 
notably for winter wheat. The earlier and temporarily supported 
view that organic nutrition was essential and that chemical sources 
of nutrients could be harmful was based upon faulty experimenta- 
tion and has now been completely dismissed. 
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HORTICULTURE (C. Bould, M.Sc., Ph.D.} 

Long Ashton Research Station, University of Bristol 

Nutrition 

Foliar d iagnos is 

It is known that a number of factors such as season, age and 
position of plant organ, size of crop, t-tc. . all affect plant compo- 
sition. Specht {/) now suggests that variation in element concentra- 
tion may aid in clarifying interpretation of plant composition. He 
postulates that plants pox-a-ss a mechanism which controls degree 
of variability of element concentration in tissues. This hypothesis 
embodies the following concepts: («) the degree of variability in 
concentration of a given element is related to the level of con- 



AGK1CULTUKE 


457 

centration of that element in plant tissues; (6) the action of the 
variation-control mechanism produces element-variability patterns 
that define optimum growth ranges for nutrient elements; and 
(c) the magnitude of element interaction phenomena is subject to 
the action of the variation-control mechanism. Concepts (a) and 
(6) were demonstrated experimentally for Mg in rose clover, for F 
in soya-bean and for Mn in rice. Relating variability and growth 
patterns, it was shown that the low concentration-least variation 
point occurs near the central portion of the poverty adjustment 
growth range; the region of higher variation corresponds to the 
luxury consumption range of the growth curve, and the high 
concentration -least variation point falls within the toxic effect 
range of the growth pattern. For example, the optimum growth- 
response range for rose clover lies between the two least-variation 
points of the variability pattern. From this it would seem that a 
low coefficient of variation for a given clement, in replicate plant 
samples for the same plot, would indicate that the dement was in 
low or high supply. 

Mason <S: Whitfield (2) studied the seasonal changes and distri- 
bution of mineral dements in 5-vears-old Mailing IX apple trees 
on Mailing IX and Mailing XVI rootstocks, at monthly intervals. 
They found two periods of special activity, at the end of April and 
at the end of June, when the concentrations of the five elements, 
X, P, K, Ca and Mg, changed appreciably. These two periods 
coincided with the onset of rapid leaf growth, and of shoot growth. 
The uptake of most elements commenced at the end of April or 
May, and reached a maximum at the end of July or August, after 
which there was a loss of nutrients by the tree. There was no net 
absorption of nutrients during the autumn. At the end of the 
summer the bulk of each element in the tree was contained in the 
following organs: X in the leaves, branches and roots; P in the 
leaves, branches and roots ; K in the leaves and branches; Ca in the 
leaves and bark; Mg in the leaves. 

Bould d til . (3) studied methods of sampling and sampling errors 
in apple, blackcurrant and strawberry based on ten replicate 
samples (varying from 40 to 50 leaves) of each crop from uniform 
sites. They recommend that leaf samples should be taken without 
the petiole attached if sub-samples are to be used for analysis: this 
is due to the variation in composition between petiole and lamina 
and the difficulty of obtaining a representative sub-sample in the 
presence of petioles. Statistical treatment of the analytical data 
Irom the samples indicated that one field batch sample (of 40-50 
leaves), one sub-sample and single analyses carried out on two 
analytical samples was a satisfactory compromise between speed 
and accuracy. With this sampling technique the overall sampling 
error, expressed as the coefficient of variation, was of the order of 
of which about P2°o occurs at the analytical stage. No 
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significant reduction in sampling error was obtained by grinding 
the whole of the batch sample and taking samples direct for 
chemical analysis. In pot culture studies leaf-disc samples were 
used and found to be satisfactory. 

In leaf analysis work, particularly when dealing with trace 
elements, it is important that the leaves should be free from surface 
contamination due to dust and sprays. Any washing treatment 
should remove both these sources of contamination and at the 
same time cause no loss of internal nutrients by leaching. Arkley 
et al. (4) compared two leaf washing techniques: (a) 0*1 N -hydro- 
chloric acid for 30 sec. followed by three quick washings in distilled 
water, and (b) 0*1 N-hydrochloric acid plus detergent for 30 sec. 
followed by four rinses in distilled water. Control plants wen* 
grown in a dust-free greenhouse. Contaminated plants were dusted 
with a peaty loam and sprayed with a synthetic solution of trace 
elements. Contamination from sprays was less easily removed than 
that due to dusts; Fe, Cu and Zn spray residues were removed 
effectively by the washing procedures, but Mo and Mn were more 
difficult to remove. There was no loss of internal nutrients by 
leaching, and both treatments were equally effective. 

Bould (o) studied the effect of NPK fertilisers, at two centres, 
on the growth, crop yield and chemical composition of leaves of 
blackcurrant. At one centre he found that increasing amounts of 
ammonium sulphate, over the range 3 cwt./acre, depressed 
growth and yield of fruit. This was shown to be due to soil acidifica- 
tion, which in turn depressed the availability and uptake of soil-P. 
In leaf samples, taken from the mid-third region of extension shoots 
at the fruit-ripening stage, the leaf- P concentration, for the* variety 
Baldwin on the ‘no-phosphate’ plots, was 0*24% in dry matter. 
The corresponding value for the variety Mendip Cross was 0*20%. 
These values were too low for optimum growth and crop yield. At 
the second centre, where bushes failed to respond to phosphatic 
fertiliser, the leaf-P concentration in both varieties was >0*3% 
in dry matter. The optimum concentration would appear therefore 
to lie between 0*24 and 0*3% P in drv matter. In the same experi- 
ments it was shown that a leaf-K concentration of 1*5% in dry 
matter was adequate for normal growth, whereas values < 1-0°,', K 
in dry matter were inadequate. 

Eaves et al. (6‘) investigated the effect of dolomitic limestone on 
the cation relationships in leaves, bark and roots of Cortland apple 
trees. They found that the addition of limestone resulted in a 
general increase in the levels of Mg, and a decrease in the levels of 
K and Ca. The established negative relationship between K and 
Mg in the leaves was not found in either the bark or roots, thus 
supporting Lundegardh’s statement ’that the degree of ion an- 
tagonism in one organ of the plant is independent of the behaviour 
in another organ'. 
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General nutrition , deficiencies and excesses 

Concern is felt in many parts of the world over the fall-out from 
atomic explosions and the effect of the radioactive isotopes taken 
up by plants and ultimately consumed by animals. Plants accumu- 
late radioactive strontium, a product of nuclear fission, from soils 
contaminated with fall-out from atomic explosions, or waste 
products from nuclear reactors. In considering means of reducing 
crop uptake of 90 Sr, the application of calcareous fertiliser to 
contaminated soil appears to be the most hopeful and practical 
treatment. Romney et al. (7) showed that additions of calcium 
carbonate and sulphate to an acidic soil reduced 90 Sr uptake, and 
that rates of 2-5 tons per acre of calcium carbonate were most 
effective. Neither form of calcium reduced uptake of 90 Sr from a 
neutral soil, or from a calcareous alkaline sandy loam. It appears 
that further additions of Ca will provide little protection against 
uptake of 90 Sr from Ca-rich soils. In other experiments it was 
shown that additions of stable Sr, as nitrate or sulphate, increased 
the uptake of 90 Sr. Stable Sr displaced 90 Sr, adsorbed on the 
exchange complex, into the soil solution where it was more readily 
available to the plant. This effect was most marked on acidic soils. 

Because of its long half-life and its close relation to K in certain 
physico-chemical reactions, 137 Cs is considered to be one of the 
biologically significant fission products. Nishita et at. (#) studied 
the effect of K and stable Cs on the uptake of 137 Cs by Ladino 
clover from contaminated soils. The addition of K to soils con- 
taining relatively high levels of K was ineffective in reducing 137 Cs 
uptake by plants, but after the soil-K had been reduced to a low 
level by cropping, the addition of Iv to soils reduced uptake of 
137 Cs by plants. The addition of small amounts of stable Cs to soil 
markedly increased uptake of 137 ('s and reduced uptake of K by 
plants. It would appear therefore that K was antagonistic to the 
uptake of Cs. 

The frequent appearance of Mg-deficicncy symptoms in mature 
leaves has been the basis for a hypothesis that Mg is mobile within 
the plant, and is readily redistributed from old to young leaves. 
Recent work, however, suggests that the appearance of symptoms 
in mature leaves does not constitute evidence for mobility and 
redistribution. The immobility of the radioactive alkaline earth 
cations calcium, strontium and barium, has been demonstrated, 
and the recent availability of 2S Mg, with a half-life of 21*3 hours, 
has made it possible to study the mobility of Mg. Bukovac et al. (9) 
have studied the absorption and distribution of 2 * s Mg in bean 
seedlings. 28 MgS0 4 solution, adjusted to pH 2*0, was applied to 
the upper surface of the primary leaf blades and plants were 
harvested after J h. up to 24 h. and assayed for 38 Mg. Approxi- 
mately 10% was absorbed and recovered in the primary leaf after 
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21 hours. No significant amount of radioactivity was detected in 
the remainder of the plant, indicating that 28 Mg was not trans- 
located out of the treated leaf. This was confirmed, using more 
mature fruiting plants. The authors suggest that the high require- 
ment of the meristem and developing seeds for Mg may result in 
preferential transport of root-absorbed Mg to these tissues. Under 
conditions of mild, or severe, deficiency this may reduce to a 
critical level the How of Mg to the mature leaves. Furthermore, 
some cell-Mg may be rendered inactive by reaction with cell-wall 
constituents (e.g., magnesium pectate). With limited supplies of 
Mg, chlorotic areas would develop most readily in the interveinal 
areas of mature leaves and produce the typical symptoms of 
Mg-deficicncy. 

Bitter pit in apples has been a serious problem in certain varieties 
for many years. The influence of moisture stress, fruit size, crop 
size and nitrogen level in determining the incidence of bitter pit in 
apples is now generally accepted, but evidence for tin* effect of 
mineral nutrients is still very conflicting. From time to time it lias 
been suggested that boron and phosphorus were associated with 
this disorder. More recently, (Varman <Nr Mathis (10) have carried 
out experiments on Baldwin Spot, a disorder probably identical 
with bitter pit, which indicated that Ca-level was an important 
factor in determining incidence, and that antagonistic effects could 
develop between Ca and Mg. They obtained responses from late 
summer sprays and from soil injections of calcium salts. They 
proposed the hypothesis that in times of water stress the leaves 
might compete successfully with the fruit for Ca. Martin et al. ill) 
tried six different spray treatments (0*1 n solutions) in relation to 
the incidence of bitter pit in apple. The main results were as follows: 
magnesium nitrate increased and calcium nitrate decreased pit. 
calcium dihydrogen phosphate had no significant effect with or 
without borax. Their results support those of Carman iV Mathis, 
namely, that the critical element is calcium and the unbalanced 
condition lies between calcium and magnesium. No explanation 
can be offered as to why Ca as the nitrate should reduce pit and 
Ca as the di hydrogen phosphate should not, especially in view ot 
the fact that nitrogen application usually increases pit and phos- 
phate has been reported to reduce it. It was shown that calcium 
nitrate sprays more than doubled the Ca concentration of the 
fruits. Further evidence relating Ca to bitter pit has been reported 
by Askew et al. (12). They carried out detailed chemical investiga- 
tions on bitter pit of apple in relation to foliar sprays of the 
acetates of Ca. Mg, K and Na, and of superphosphate and borax 
Analyses showed that the sprays altered the chemical composition 
of fruit and leaves. In one season, a calcium acetate spray shF 
inficantly reduced the amount of bitter pit in Cox’s Orange Pippin 
apples but was not significantly beneficial in a second season. 
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Potassium in three trials was very detrimental and significantly 
increased the incidence of pit; Na and Mg were also detrimental. 
High dry matter, high ash contents and high K/Ca ratios in the 
fruit were associated with increased incidence of bitter pit. High 
Ca values and high Ca/K ratios were associated with a reduction 
in bitter pit. 

Cobalt as an essential element for animals and various micro- 
organisms centres around the role of vitamin B 12 . This vitamin is 
required by most animals in the formation of haemoglobin and may 
also be concerned with protein synthesis. Many micro-organisms 
require preformed vitamin B 12 , others, including Rhizobia, produce 
the vitamin. Cobalt has not been demonstrated as essential for the 
growth of higher plants, although it has been shown to be essential 
for blue-green algae. With higher plants, Co-supplements have 
been reported to increase growth of rubber plants and tomatoes, 
and more recently it has been suggested that soya-bean plants 
grown with symbiotically fixed nitrogen as their only source of this 
element distinct ly benefited from small quantities of Co. Reisenauer 
(13) has now shown that Co plays an essential role in symbiotic 
nitrogen fixation in lucerne (Medicago saliva). Addition of Co to 
purified solutions increased plant growth by 66% and considerably 
increased nitrogen fixation. Ahmed & Evans (14) have also studied 
the effect of Co on the growth of soya- bean plants under symbiotic 
conditions with Rhizobinm japonicum in the absence of combined 
nitrogen. Plants in culture solution without added Co were severeh' 
retarded in growth and displayed a leaf chlorosis similar to that 
caused by N-deficiency. The addition of 0* 1-1*0 part per billion of 
Co resulted in normal vigorous plant growth. No evidence was 
obtained that V, Ni. Ga or Al would substitute for Co. It was 
concluded that Co is an essential element for the growth of soya- 
bean plants under symbiotic conditions in the absence of combined 
nitrogen. 

The occurrence of Mo-deficiency in fruit crops under field con- 
ditions is rare. Stewart & Leonard, in 11)51, reported that the 
‘yellow spot’ disease of citrus in Florida is caused by a Mo-deficiency 
which can be remedied by foliar sprays of sodium or ammonium 
molybdate. Hoagland, some years ago, induced Mo-deficiency in 
plum grown in nutrient culture, and now Fernandez & Childers 
{15) have induced Mo-deticicncy in seedling apple. The plants were 
grown in nutrient culture without Mo for 8 months, during which 
time the growth remained normal. After hard pruning, the new 
growth showed deficiency symptoms, first a mild uniform chlorosis, 
then, with increasing age, a tip burn which spread rapidly along 
the leaf margin accompanied In’ a downward cupping of the leaves. 
Leaf analysis showed that deficient plants contained 0*05 p.p.m. 
of Mo in leaf drv matter compared with 0*16 p.p.m. Mo in normal 
plants. 
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Gerloft et al. (16) studied the Mo-Mn-Fe antagonism in tomato 
plants grown in water culture. Mo was found to accentuate !•>- 
deficiency. The authors suggested that this is due to the formation 
(in the roots) of Fe-Mo precipitates of very low solubility, which 
prevents translocation of Fe to the tops. High concentrations of 
Fe render Mo unavailable. These two facts may help to explain 
Mo-deficiency in acid soils and Fe-deficiency in alkaline soils. 

Liebig et al. (i7) investigated the effects of potassium arsenate 
and arsenite on citrus growm in nutrient solutions. They found that 
1 p.p.m. of As as arsenate or arsenite stimulated root growth; 
5 p.p.m. of As as arsenite and 10 p.p.m. of As as arsenate were 
definitely toxic and adversely affected both root and top growth. 
The only unusual leaf symptoms were necrotic spots which de- 
veloped during hot weather. Vein chlorosis, generally indicative of 
root injury, also developed under toxic levels. The maximum 
concentrations of As found were 1 1 p.p.m. in old leaves and 12no 
p.p.m. in root dry matter. 

Foliar sprays 

Generally speaking, the sulphates of nutrient elements are used 
as foliar sprays. It was shown by Fisher Cv Walker, in 1955, that 
Mg can enter apple leaves most readily from nitrate and chloride 
solutions, least readily from sulphate and phosphate, and at an 
intermediate rate from acetate. In 1956, Gland «.V Upland found 
that Mg entered the leaf more readily from acetate than from 
sulphate, but the acetate caused damage to the leaves. Recently. 
Allen ( IS) carried out experiments with apple leaves to study the 
effect of sulphate, chloride and nitrate on the uptake of Mg. When 
leaves were dipped in UTm solutions and allowed to dry, Mg was 
taken up more readily from nitrate and chloride than from 
sulphate. However, when leaves were left immersed in (Hm 
solutions for varying periods of time the uptake of Mg was equally 
rapid from all three salts. At 20° the relative humidity of air in 
equilibrium with saturated solutions of magnesium sulphate, 
acetate, nitrate and chloride is 82, 65, 55 and 33° () respectively: 
under the experimental conditions it varied from 72 to 52%. 
Magnesium chloride would therefore have remained in solution 
throughout the duration of the experiment, nitrate throughout 
part of the time whilst sulphate would have crystallised out. Allen 
suggests that differences in uptake from the salts can be explained 
in terms of relative humidities at the time of the experiment. 

Foliar sprays of 1% magnesium nitrate were more effective than 
sulphate or chelate in controlling Mg-delicicncy in orange trees 
(19), but Mg-deficient celery would not respond to soil dressings ol 
400 Ib./acre of magnesium sulphate, although it was controlled by 
1% foliar sprays (20). Chlorosis in celery occurred when the leaf-Mg 
was in dry matter. 
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H is usual [or 0-5 J.% urea foliar sprays to be applied to young 
leaves for the correction of nitrogen deficiency; young leaves 
having been shown to be more effective absorbers per unit area 
than old leaves. It is known also that prior to leaf abscission some 
nitrogen is translocated back into trees. Oland (21) has now found 
that a 4% solution of urea sprayed on apple trees in the middle of 
October, about a month before leaf-fail, increased the N-content of 
leaves by 51% within 2 days of application. By leaf-fall a con- 
siderable part of the absorbed urea had been translocated to other 
parts of the tree. Spur-N had increased by 31% and terminal 
shoot -N by 10%. Leaf injury due to the spray was slight. 

[n 1958 Kessler & Moscicki reported that tri-iodobenzoic acid 
(TIBA) promoted the mobility of iron and calcium applied in foliar 
sprays to tomato plants and apple trees. Bar-Akiva & Hewitt (22) 
have not been able to confirm this effect on deficient citrus 
seedlings, and found no beneficial effects from TIBA on the 
absorption of foliar sprays of ferric chloride or ferrous sulphate. 
The inclusion of 2% urea in the sprays resulted in a more uniform 
production of chlorophyll in leaves sprayed with iron. Urea, 
however, did not promote anv movement of iron within the leaf 
or from one leaf to another. It was concluded that urea promotes 
more uniform penetration of foliar-applied iron salts. 

Iron chlorosis and iron chelates 

It is known that iron chlorosis may be induced by a number of 
factors, including a shortage of iron, excess calcium, excess heavy 
metals and high bicarbonate concentration. It was shown by 
Harley Linder, in 1945. that t he bicarbonate content of irrigation 
water was related to the incidence of chlorosis in certain apple and 
pear orchards. It is known also that the respiration rate of suscept- 
ible crops is lowered by the presence of bicarbonate ions, which 
reduce the activity of cytochrome oxidase. It is not known, 
however, whether the bicarbonate per se is responsible for iron 
chlorosis or whether the effect is indirect. Using a divided root 
technique, in which the iron source (soil) was separated from the 
bicarbonate source (nutrient solution), Brown ct at. (23) ha\e 
shown that bicarbonate maintains higher concentrations of phos- 
phorus in solution. This enhances the uptake of phosphate, which 
in turn causes chlorosis. In studies using iron ethylenediaminebis- 
(o-hvdroxyphonylacetic acid) as the source of iron, Hale & W allace 
(24) found that bicarbonate and phosphate both competitively 
inhibited iron accumulation. This suggests that both these ions 
compete with the he chelate anion for absorption on specific 
absorption sites. 

Kessler (25) investigated the relationship between the respiration 
rate of fruit tree roots and their susceptibility to lime-induced 
chlorosis. He found an inverse relationship between C0 2 output of 
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roots and their lime tolerance. The results were interpreted on tin* 
basis of the hypothesis that chlorosis-inducing bicarbonate ions 
are produced bv interaction between carbonate in the soil and 
respiratory C0 2 at the soil-root interphase, thus relating lime- 
induced chlorosis to the respiratory activity of the roots. Ho 
suggests that respiration rates of roots might be used as criteria 
for the selection of lime-tolerant stocks. 

Brown & Tiffin (26) have attempted to relate the capacity of a 
plant to absorb Fe from Fe-chelatc to its susceptibility to iron 
chlorosis. Chlorosis-susceptible (PI) and non-susceptible (HA) soya- 
beans were used as test plants and cthylenediaminebis-(o-hydroxy- 
phenylacetic acid) as the chelating agent. HA roots absorbed moiv 
Fe from the nutrient solution than did PI roots. Increasing tlu* 
P-concentration of the nutrient solution decreased Fe uptake to 
a greater extent with PI than with I1A roots. With the mixed 
radio-isotopes 55 Fe and 5y Fe in nutrient solutions and decapitated 
soya-bean plants, it was found that the exudate from the HA 
plants contained more radioactive iron than did the exudate from 
the PI plants. Furthermore, much of the chelating agent remained 
in the nutrient solution after absorption of Fe. The authors suggest 
that susceptibility to chlorosis in plants may be related to the 
metabolic processes involved in the separation of Fe from hY- 
chelate, and that roots, phosphate and chelating agent may all In 
competing for Fe at the root surface. 

Bv a divided root technique, Tiffin et id. (27) investigated th<- 
effect of absorbed chelating agents on the subsequent absorption 
and translocation of iron in soya-beans. There was a small effect 
on the absorption of radioactive Fe from soil, and on the trans- 
location of foliar-applied radioactive he, but the effects were not 
sufficient to correct Fe-chlorosis. They suggest that the primary 
role of iron chelates in plant nutrition appears to bo that of making 
iron soluble and available to the roots for absorption. Absorbed 
chelating agent is not an effective activator of iron from within the 
soya-bean plant. 

Flowering 

Photoperiodism, as a control of flowering, was discovered by 
Gamer tfc Allard in 1‘J18, but the mechanism involved has only 
recently been explained by Borthwick & Hendricks (28). It is due 
to a pigment called ‘ phytochrome \ a blue or bluish-green pigment 
that exists in two forms interconvertible by light thus 

UGOmp. 



730m^ 

where 660 and 730 are the absorption maxima of the two forms- 
Form P 730 , which is enzymicallv active, changes in darkness to tin* 
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inactive form P 66 o in the course of some hours, and the rates of 
change and the enzymic action are essential factors in the plant’s 
measurement of night light. The enzymic reaction controlled by 
p 730 also affects many aspects of plant growth besides flowering, 
and results in a general control of growth by light. Phytochrome is 
present to the extent of 1 part in 10 million in many plant tissues. 

Kessler et al. (29) have investigated the effects of various purines 
and pyrimidines on the flowering of several fruit species and annual 
plants. Uracil, xanthine and caffeine at 50 p.p.m. were active, 
while adenine and guanine had no effect on flowering. It is sug- 
gested that the effect of the flower-promoting purines and pyrimid- 
ines comes about through their enhancing effect upon the synthesis 
of the flowering hormone which apparently takes place in the leaf. 

Plant constituents 

Beet processors have been troubled by the sporadic occurrence 
of a bitter off-flavour in processed beets. This flavour is absent in 
raw beet, suggesting that its formation is heat-induced. Recent 
studies have related this off-flavour to a high concentration of 
pyrrolidonecarboxylic acid (PCA). Glutamine, the precursor of 
PC A, is tasteless, and accounts for the lack of off-flavour in raw 
beet. Based on experiments with tomato, it was thought that the 
excessive use of ammonium fertiliser might be connected with a 
high glutamine content of the beet and hence have a bearing on the 
development of off-flavour. Shallenberger & Sayre (SO) found no 
differences between sources of nitrogen. Increased rate of appli- 
cation of nitrogenous fertiliser may, however, significantly increase 
the PCA content of processed beers compared with plants receiving 
low rates of nitrogen. 
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ANIMAL NUTRITION (J. Davidson, B.Sc., Ph,D„ A.R.I.C.) 

Roiveti Research Institute , Bucksburn , Aberdeen 

Energy 

The grnetical inheritance of an animal sets llu* upper limit to 
productivity, but production near this upper limit can be achieved 
unlv when the environment and nutrition of the animal arc suitable. 
A suitable environment is brought about by good methods of 
management and suitable nutrition by providing a diet containing 
all the essential major and minor nutrients in the proportions most 
favourable for that particular production. 

Nutrition during the rearing of cattle for milk production 

The nutrition of the cow up to the age of first calving may have 
a profound effect on subsequent milk production, no matter hew 
generous or well balanced the ration of the animal during lactation. 
It is of importance therefore to know which of the many systems of 
rearing dairy herd replacements will allow full achievement of 
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genetic potential. Some systems of rearing allow a steady and rapid 
rate of growth, while others, which have perhaps become more 
common in recent years with the introduction of early weaning, 
allow slower rates of growth, sometimes with marked fluctuations 
in body weight gain. 

A recent long-term study ( 1 ) with twin cattle provides further 
information on the effect of plane of nutrition during rearing on the 
subsequent performance of the cow. Eighteen pairs of identical 
and six pairs of fraternal twin calves of Friesian and Ayrshire 
breeds were reared on the following svstems: 

HH A continuous high plane of nutrition from birth to first 
calving with 1 10% of the standards suggested by Ragsdale 
(2) fed after weaning. 

L L A low plane from birth to 2 months before calving with 
70% of the Ragsdale standards fed from weaning to 
6 months and 00% to 2 months before calving. 

IIL A high plane for the first 10 months of age followed bv a 
low plane to 2 months before calving. 

LH A low plain* for the first 10 months of age followed by a 
high plain* to first calving. 

The II H treatment provided allowances similar to those sug- 
gested by Roy {$) for maintenance plus 1 lb. live weight gain per 
ilav, and the LI, treatment provided just over half these amounts. 
Tvpical rations are given in Table I. One main difference from 
li months of age was tin* absence of concentrates from the low-plane 
rations. 

Table I 

7 xpicul ration.' during rear in* 
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11 

*71 

•71 
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3 l J 



From 21 months of age or about 2 months before calving, all 
animals were fed on the high plane of nutrition, which was equi- 
valent to a ’steaming-up’ regime. After calving, the allowances 
provided fi-fi lb. of starch equivalent (SE) with 0-7 lb. of digestible 
crude protein (DTP) for maintenance and 2*5 lb. SE with 0*5 lb, 
HCP for each gallon of milk produced. The allowances for main- 
tenance were sufficient for an 1 100-lb. cow according to ‘Rations for 
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Livestock' ( 4 ) and appeared generous considering that the LL 
animals averaged 750 lb. and the HH animals 1000 lb. live weight 
at 24 months. However, it is essential to feed well just be fort- 
calving, especially if the animals are not fully grown and therefore 
still making appreciable weight gains. 

Results from this study showed that the animals on HH, LI I , 
LL and HL treatments came into first oestrus in that order at 
12, 144, 16 and 18 months respectively. All animals were served at 
18 months and calved around 27 months. This was 6 months 
earlier than the average time of first calving of Avrshires and 
Friesians in the United Kingdom (o) and, if early calving following 
a low plane of nutrition during rearing interferes with subsequent 
development of the animal, stunting and perhaps reduced milking 
performance might have been expected on the LL treatment, but 
such detrimental effects were not noticed. 

Subsequent to the HH, LL and LH treatments the production of 
fat-corrected milk (FCM) adjusted to lactations of average length 
was not significantly different during the lirst three lactations but 
production was significantly loss during the first two lactations on 
the HL treatment. The total adjusted FCM yields for the three 
lactations were 18,700, 18,500, IS.yoo and 16,500 lb. for the 1111, 
LI., LH and HL systems of rearing respectively. Over the three 
lactations there were no significant differences in mean butterfat 
percentage or percentage of solids- not-fat. 

The LL and LH planes of nutrition during rearing were therefore 
as effective in regard to milk production as the HH plane. Moreover 
it would appear from the most recent work (tf) that animals fed at 
the low level throughout the rearing period give on average one 
more lactation before having to be discarded than animals fed at 
the high level. Elimination from the herd for various reasons would 
appear to be connected with body size or stage of development 
rather than age. 

There can be no doubt that maturity is attained at a later date 
bv cows reared on a low plane of nutrition, but provided this plane 
is not so low as to affect the vitality of the young animal, milk 
production will not be affected and the size ordained by genetic 
inheritance is eventually attained. 

In the above study on planes of nutrition during rearing, there 
were no significant differences in the average live weights of the 
animals on each treatment after the 3rd calving at about 5 years 
of age and manv other physical measurements of growth such as 
circumference of metacarpus and width of hooks were by that Unit- 
not significantly different. 

It is interesting to note that the cost of feed for rearing to lirst 
calving at 27 months on the HH, HL, LL and L1I treatments were 
£59, £44, £31 and £51 respectively. However, when considering tlu- 
saving on the low level of feeding it should be remembered that 
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calving on the HH treatment could have taken place some 6 months 
earlier than was actually the case. 

A high plane of feeding followed by a low plane involving a 
sudden check in growth rate is not to be recommended because it 
may lead to late first oestrus and low milk yields, particularly in 
the first two lactations. 

Nutrition around parturition 

In another study { 7 ) planes of nutrition were varied over a 
different period of the life cycle of the cow, namely from 1 month 
before to 3 months after calving. This work provides interesting 
information on the importance to production and efficiency, of 
providing extra nutrients around this time in the form of balanced 
concentrates. 

Two levels of concentrates were fed in the rations just before 
calving and two levels for the first 84 days after calving. Before 
calving there were two groups of cows fed either on a high plane of 
nutrition, which included 2 cwt. per animal of concentrates spread 
over the 21 days before calving, or on a low plane of nutrition, 
which included 4 cwt. of concentrates spread over the 14 days 
before calving. After calving, half the animals on each pre-calving 
regime were fed on a high plane and the other half on a low plane 
of nutrition, 'flu* high and low planes after calving were at the rate 
of o lb. and 3 lb. concentrates respectively per gallon of milk 
produced in addition to the maintenance ration. From 12 weeks 
after calving all cuw> were fed at the normal rate of 4 lb. concen- 
trates per gallon. The treatments could then be designated hh, hi, 
11 and lit, for which the milk yields were respectively 2770, 2720, 
2730 and 2440 lb. over the first 12 weeks and 8220, Si 7 0, 8090 and 
67. r )0 lb. over the whole lactation. 

Thus the high level of concentrate feeding before calving 
(‘steaming up') had a pronounced effect on subsequent lactation 
only when the production part of the ration after calving was 
below what is considered normal— 4 lb. of concentrates per gallon 
of milk produced. Moreover, the effects noted during the experi- 
mental 12 weeks were carried over into the subsequent part of the 
lactation. 

This studv confirms that a ‘steaming-up’ regime prior to calving 
can have marked beneficial effects on subsequent milk production 
at low but not high levels of feeding after calving and may thus 
also indicate whv evidence is sometimes conflicting (S) on the 
effects of ‘steaming up’ on subsequent milk production. 

It would appear reasonable that round about the time of calving, 
when the alveolar cells in the udder are developing and beginning 
to secrete milk, production should not be hindered by a lack of 
nutrients. Once tissue has stopped developing the limit to milk 
Production is set. Milk production depends on the number of 
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functional cells and these are maximal in early lactation when the 
milk yield is building up to a peak. 

The demonstration of a ‘steaming-up’ effect may result from an 
inadequate plane of nutrition in the final stages of rearing or from 
an inadequate feed allowance for milk production immediately 
after calving. It might be argued that a beneficial effect from 
‘steaming-up’ shows that the normal production allowance is in- 
adequate at least for the early stages of lactation before peak milk 
yield is reached. As milk yield is rising rapidly during this time tlu* 
feed production allowance should be based on expected yield by 
feeding, say, an extra 1 lb. or 2 lb. of concentrates per day in addi- 
tion to the allowance calculated on the previous week’s vield. 

Early uwaning of calves 

From the above and other studies (.9) on the plane of nutrition 
during rearing of dairy cattle it would appear that a low plane of 
nutrition during rearing is not necessarily detrimental to subsequent 
milk production, and this is reflected in the increasing interest being 
taken in early weaning whereby milk substitutes replace liquid 
milk for calves, thus freeing milk for human consumption. The calf, 
unlike the human, derives immunity to infectious diseases from 
the colostrum of the parent cow. Moreover the antibodies respon- 
sible for conferring immunity can pass into the blood only during 
the first 24-36 hours of life and so when attempts are made to rear 
artificially the calf should be left to suckle for a few days or should 
be fed colostrum from a bucket. 

For the first few weeks after birth the calf functions like an 
animal with a simple stomach because when a liquid food is given 
the rumen is by-passed and the food is delivered directly to the 
abomasum or true stomach. At this time the calf is unable to 
digest appreciable quantities of starch because of the absence of the 
necessary enzymes (10). In fact even at fl months of age, maize 
starch and ground maize given directly into the true stomach may 
be only partly digested, a large part being excreted in the faeces 
(77). It would appear that in calves dietary glucose and lactose are 
readily used during the first few weeks, whereas sucrose, maltose 
starch and dextrins are not (111). The former are thus more suitable 
carbohydrates for calves given milk substitutes or gruels that pass 
by the oesophageal groove to the abomasum and do not pass into 
the rumen. 

Trace minerals 

Selenium 

As previously mentioned in these Reports (Vi), Se was found to 
be an integral part of the ’Factor -1’ from American dried brewers 
yeast, which prevented liver necrosis in rats fed on diets deficient 
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in vitamin E. Ten /zg. of Se as selcno-cystathioninc or sodium 
selenite has also prevented exudative diathesis in chicks fed a 
Torttla yeast diet free from vitamin E (14). The protective effect of 
L-cystine against dietary liver necrosis evidently stems, at least in 
part, from traces of a selenium compound in the amino-acid (15) 
and thus degeneration of the liver owing to necrosis is now attribu- 
ted to the simultaneous lack of only two essential nutrients, 
namely, vitamin E and a selenium compound. However, meth- 
ionine and cystine in excess of requirements may delay the onset 
of exudative diathesis as a result of some sparing action on the 
requirement for vitamin E (16). 

Recent work with large animals shows that the addition of 
OT p.p.m. of Se to practical ewe rations based on Ladino clover 
hay from an area where muscular dystrophy was widespread 
afforded protection against the disease in the corresponding lambs 
(17). Tlie Ladino clover hay contained <0T p.p.m. of Se. 

Other work (7$) with lambs showed that diets of trefoil grass 
hay containing 0-06 p.p.m. of Se and raw cull kidney beans con- 
taining 0-01 p.p.m. of Se could be rendered less dystrophogcnic by 
the addition of 1 p.p.m. of Se as sodium selenate, 100 i.u. of 
a-tocophervl acetate or linseed oil meal. The latter contained 
j*2 p.p.m. of Se, its protective effect being associated with this trace 
element. The incidence of muscular dystrophy in lambs from ewes 
fed these diets from 1 month before parturition was 8 in 18, 1 in 21, 

2 in 15 and 2 in 14 respectively for the control diet, and the diets 
fortified with selenium, vitamin E and linseed oil meal. 

It has been shown in New Zealand (19) that oral administration 
of 5 mg. of Se to ewes 3 weeks before parturition gave partial 
protection to the lambs against muscular dystrophy whereas 
300 mg. of a-tocopheryl acetate administered orally gave none. 
Although some protection against muscular dystrophy was afforded 
by 3 c-tocoph(Tol in a later study with lambs the effect was not so 
striking as with the addition of trace amounts of selenium, the 
losses attributable to dvstrophy being 50 on the control diet, 21 on 
the diet with added vitamin E and 2 on the diet with added Se. 

A preliminary report from New Zealand (20) shows that ad- 
ministration of (>”)- 1 mg. of Se either by mouth or subcutaneous 
injection every 10 days may increase the growth rate of unthrifty 
lambs by 12-40% and thus be an important factor in the control of 
one form of unthriftiness occurring in New Zealand. 

In other trials with lambs of around 40 lb. weight (21) from badly 
affected farms on w'hicli up to 40% of the lambs had been lost since 
marking’, 5 mg. of Se as selenate was given by mouth at the start 
of the experiment, then repeated 2 weeks and weeks later. At the 
end of the 10 experimental weeks mortality in the control groups 
was 27% compared with 8% in the groups dosed with selenium. 

Treatment of unthriftv calves with Se in the same area resulted 
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in average weight gains of 27 and 21 lb. respectively for the control 
and treated groups over a 4-week period when the animals were 
about 8 months old (22). 

Studies in the North of Scotland (2<?) have shown that Se 
administration at 0*25 mg. of Se/day may control the occurrence of 
muscular dystrophy in suckling beef calves as effectively as 200 mg. 
of vitamin E per week. 

When considering the benefits to be derived from the addition 
of trace amounts of Se to the diet it is important to know the 
approximate toxicity level. This would appear to be 3-4 p.p.m. in 
the diet for the rat (16) and 5 p.p.m. in herbage for the ruminant 
(24), but it has been emphasised repeatedly that the toxicity of 
selenium depends greatly on the forms of Se compound present in 
the diet and on the nutritional status of the animal. A level of 
10 p.p.m. in diets for the young pig has been found (23) to induce 
toxic symptoms, decrease conception rales, weaning percentage 
and weight gains of the offspring to 56 days of age. Diets containing 
this amount of selenium may occur in seleniferous areas where 
grain may have a Se content of 10 20 p.p.m. 

Copper 

It is now well known that copper deficiency in cattle and sheep 
can occur despite an apparently adequate intake of copper in tin 
diet. This may indicate the presence of factors in the food which 
interfere with the utilisation and storage of dietary copper. 

It has been suggested (26‘) that added calcium and or phosphorus 
mav lead to reduced storage of Cu in the liver by the calf and alsn 
(27) that Mo and sulphate, the latter derived on occasion from a 
high-protein diet rich in sulphur amino-acids, may limit Cu 
retention in the sheep. Liver-Cu levels in sheep after 3u weeks on a 
basal diet containing Cu 5*2 p.p.m.. Mo p.p.m, and sulphate 
0-04% were 240 p.p.m. on the dry liver. Raising the Mo to 5-1 
p.p.m., the sulphate to 04%, or the Mo to 5T p.p.m. and sulphate 
to 04% in the diet lowered liver copper levels to 17o, To and 'J"» 
p.p.m. respectively. 

In Australia, supplements of molasse.s had a marked *-lteci in 
preventing copper storage in the liver when the basal ration was 
a grass of low nutritive value (27). It is possible that this depression 
of liver-copper content bv molasses mav be explained on the basis 
of some factor or factors such as sulphate or molybdenum inter- 
fering with copper utilisation and storage. 

The mechanism underlying the effect of Mo and sulphate in 
restricting Cu utilisation is as yet not completely clear. It mav be 
that diets high in Mo and sulphate restrict Cu uptake from tin- 
digestive tract. Such diets also result (2H) in diminished transfer ol 
Cu to the foetus or possibly in a decreased transfer to the Iamb 
during suckling. 
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When a high content of sulphate was present in the diet of the 
owe, liver copper stores fell from normal values of over 200 /xg./g. of 
dry matter to 7-12 /xg./g., and to 8-10 /xg./g. in the livers of the 
corresponding lambs (29). Addition of Mo as well as sulphate to the 
ewe diet resulted in liver Cu values of 23-32 /xg./g. of dry matter 
in the ewe and values as low as 3 /xg./g. in the lambs. Moreover, 
histological examination revealed damage to nervous tissue in the 
latter lambs similar to that found in field cases of 'swayback' or 
enzootic ataxia. 

That Mo and sulphate are not the only factors involved in field 
cases is evident from studies at Wcybridge (30), which have shown 
that on diets of hay and crushed oats which have a relatively high 
sulphate content, the liver-copper content of pregnant ewes can 
he raised bv adding molybdenum. 

Attempts to control copper deficiency in the field by top dressing 
of pastures with copper salts have met with mixed success and 
closing calves and sheep by subcutaneous injection of 120 mg. or 
15 mg. of copper respectively as the glycinate has been developed 
(31). In such procedures side reactions at the site of injection have 
sometimes bee n noted and because of this the cupric-bis-8-hydroxy- 
quinolint‘-5,7-disulphonic acid salt of tetradiethylamine (32), which 
(Iocs not give rise to these side reactions, may prove more useful. 

In all those studies on copper, emphasis is laid on the importance 
of ensuring that a state of copper deficiency really exists in the 
animal before treatment with copper salts. Copper poisoning is 
apparently on the increase from indiscriminate use of mineral 
supplements containing copper, and from feeding to ruminants in 
error pig feeds supplemented with copper. 

The feeding of high levels of copper of the order of 250 p.p.m. 
in the diet to pigs is now practised widely, following collaborative 
work reported from the National Institute for Research in Dairying 
in IDDfi (33). Such inclusions improved feed conversion ratios and 
mean growth rates of bacon pigs. The toxicity level for the pig is 
between 250 and 500 p.p.m. under British conditions (34), a marked 
increase in liver Cu stores being noted when the diet contains more 
than 125 p.p.m. Cu. 

The mode of action of dietary copper sulphate appears to be 
somewhat similar to that of antibiotics in that multiplication of 
certain micro-organisms in the intestine is affected, with subsequent 
benefit to the host animal. In the pig a decrease in coliform and 
lactobacillus populations (3-5) in the upper part of the duodenum 
svems to be involved. 

Results contrasting with those obtained by European workers 
have recently been reported (36*) from Australia, where 250 p.p.m. 
I'u in the diet caused a skin condition, parakeratosis, which is 
normally associated with Zn deficiency, and sudden deaths with 
post-mortem symptoms suggesting copper poisoning. American 
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workers have demonstrated (37) that high dietary Cu can reduce 
storage of Zn in the body, while others (<W) have claimed that diets 
Containing Cu may protect against parakeratosis! 

Molybdenum 

It has been known for some time (o#) that the ash of lucerne 
stimulates weight gains in ruminants when poor quality roughages 
are fed. Moreover, spectrographie analysis indicated that tlx 
greatest response was obtained from ashes characterised hv a 
relatively high content of Mo and low Cu (40). 'Hie mod" of action 
of the Mo is now known, but l)e Renzo <7 al. (■//) pointed out that 
Mo is a cofactor for liver and intestinal xanthine oxidase. 

Cobalt 

Cubalt deficiency is usually associated with vitamin-B. ., de- 
ficiency, a sensitive test for cobalt deficiency being the vitamin- B,., 
activity of blood plasma (4‘2) and of liver ( /•>). 

Because it is often not practicable to treat deficient pastmvs with 
Co salts a new technique has been de\ eloped (44) whereby a pellet 
of cobalt ic oxide baked with china dav placed in the niimn lvlra-cs 
amounts of Co sufficient to control cobalt deficiency. 

This liberation of Co from such pellets has also been ux d to 
control Phalaris staggers, a demyelinating disorder of sheep 
characterised by hyperexcitabilitv, muscular tremors and a rapid 
bobbing of the head. This disorder apparently .irises from a toxic 
factor present in actively growing Phalaris tuhero. sa, a higli-yielding 
perennial grass. Unlike the cobalt deficiency associate ! with ‘pinU. 
Phalaris staggers cannot be prevented by oral administration nl 
vitamin B 12 or intramuscular injections of vitamin B 12 or cobalt 
but onlv by oral administration of cobalt (7-3). This suggests that 
orally ingested Co promotes the development in the upper part ni 
the alimentary tract, of micro-organisms capable of detoxifying 
the toxic principle in Phalaris tithcrusa. This type of disease has ah" 
bei-n noted recently in South Africa (40). 
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VETERINARY MEDICINES (A. N. Worden, M.A., B.Sc., 

M.R.C.V.S., F.R.I.C.) 

Nutritional Research Unit , Huntingdon 

General 

A SUPPLEMENT to the British Veterinary Codex, the first edition nl 
which was published in lh. r y>, has appeared (/) and contains SR new 
monographs on drugs and manv amendments to existing mono- 
graphs. Notable additions include piperazine preparations, a 
variety of materials that have or influence --adrenocortical 
activity, furazolidone, Xicarbazin, tetracycline, erythromycin and 
polvmixin B. The rapidity with which new drugs are appearing is 
reflected by the fact that manv compounds already in widespread 
use are not included. The appearance within the next few years of 
a new and greatly enlarged edition of the Codex itself may be 
anticipated. 

There have been two useful textbooks, viz., Alexander's intio- 
duction to veterinary pharmacology (‘-) and Davkitfs complete 
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rewriting (•?) *»f the text first produced by Wallis Hoare and 
familiar in its successive editions to several generations of veterinary 
students. 

Anthelmintics 

Phenothiazine, despite its limitations, continues to be widely 
used. Variations in purity may be considerable and Forsyth (4) has 
stated that when it falls below 70% anthelmintic efficiency against 
Ostertagia spp., Trichoslrongylus spp., and Chabertia ovina is erratic 
or poor. There is, however, little apparent advantage in using 
material of a purity higher than 80%, at which level the efficiency 
of a 15-g. dose to sheep is 80%. Anthelmintic efficiency is inversely 
proportional to particle size and the measurement of specific 
surface area is more accurate than description of a particle size 
distribution related to an arbitrary figure. A minimum purity of 
S5% and a specific surface area of 12,000 sq. cm./g. bv sedimenta- 
tion analysis appear to be necessary for high anthelmintic effect. 
Drudge and his co-workers (-5) have, however, provided further 
clear evidence that strain resistance on the part of Haemonchits 
cmitortus is an important factor also in determining the efficacy or 
otherwise of phenothiazine. 

Roberts A Keith (6') have studied the relationship of dosing with 
phenothiazine to the acquired resistance by calves to Ilaemonchtts 
place i. Although repeated use of phenothiazine may delay the 
development of resistance, and leave the animals with a heavier 
worm population than if left undosed, phenothiazine may never- 
theless be used at intervals of ten days to control outbreaks. In 
another Australian study. Banks A Korthals (/) have found highly 
purified phenothiazine to he superior to bephenium hydroxy- 
nnphthoate in the treatment of emaciated young sheep infected 
with large numbers of worms — principally Trichoslrongylus spp. 
and Ostcrtagiii. Gibson's findings (<V) with t. axei infestation have, 
however, proved favourable to bephenium hvdroxynaphthoate. 
Scarnell A Kawes (»). as a result of field trials in Kent, have 
confirmed the value of bephenium embonate, administered at the 
beginning and end of Mae and again in mid-June, against iXemafo- 
dirtts ha ft us and A , filicolhs infestation in lambs and, from a 
comparative study of eight compounds, Ciibson (10) has found 
onlv bephenium embonate to be effective and non-toxic in the 
treatment of Xctttalodirus spp. in sheep. Rawos A Scarnell {ID 
in a later paper, have claimed that bephenium hvdroxynaphthoate 
(at 250 mg. /kg. bodvweight) appears to be the most active anthel- 
mintic against the nematodes commonly infesting unweaned 
spring-born lambs, a view that is supported by Gibson (12), who 
has subsequently reported virtually 100% efficiency against A. 
hattus. 

Studies on the anthelmintic properties of orgami- phosphorus 
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compounds have been reported from a number of centres. Ruk \ 
Keith (13) have demonstrated that OO-dimethyl 2,2,2-trichloro- 

1- hydroxyethylphosphonate is highly efficient against the common 
gastro-intestinal helminths of cattle, and their findings havr 
received support from the studies on Ostertagia spp. of Banks and 
his colleagues (14 ) , while Dunsmore (16) has demonstrated the 
activity of this material against sheep trichostrongyles. Riek 
Keith (16) have subsequently reported that OO-dimethyl 0-2,4, 5- 
trichlorophenyl phosphate is highly effective against Haenwnchus 
placet and Cooper ia spp., but only of variable activity against 
Oesophagostomum radiatum at the dosage employed (5g./100 lb. 
body weight). Similar findings were obtained for 3-chloro-4-methvl- 
umbelliferone OO-diethyl thiophospliate at 0*25 g./KH) lb., and 
negative findings with diazinon, Dipterex and 00-dimethyl 2,2- 
dichlorovinyl phosphate (D.D.V.P.). 

Baker and his colleagues (17) claimed that 0-methvl 0-(4-t-butvl- 

2- chlorophenyl) ethylphosphoroamidothioate (‘Dowco lti.r ) effect- 
ively controls several genera of Trichostrongyloidea in cattle, and 
most species of nematodes in the abomasum and small intestine of 
lambs, although inactive against Fasciola hcpatica. I.andram lY 
Shaver (IS) have reported similarly. 

Yordrazka ct al. (ID) applied a new technique to the evaluation 
of cyanacethydr azide against sheep lungworms and claim am 
siderable activity against Didyocauhts Jilaria but not against 
Protostrongylus ru/escens. Adverse reports upon the value uf cyan- 
acethvdrazide have, however, been received from Knigk \ Diiwel 
('JO) in Germany, from Mohi-ud-Din (2/) in India and from Swanson 
and his co-workers (22) in Florida, while Rosenberger Oy Hersclnm 
(23) claimed that the piperazine salt of the levulinic acid hydrazone 
of cyanacethydrazide is better tolerated than cyanacethydnuid< 
itself and may be given to cattle in larger and more effective doses. 
Parker and his co-workers (2^/) have brought forward evidence 
from field trials with cattle lungworms to support the value of 
diethylcarbamazine. 

In the continued search for fluke treatments, Moray o: IVarMtn 
(2*5) have confirmed Hungarian work to the effect that ti traeiiloio- 
difluoroethano is highly effective against mature Fasciola ht'Pahcc 
in sheep at a dose rate of 0-15 g. lb. For tin- control of fascioiiasis by 
indirect means, Gordon and his colleagues (26) haw demonstrated 
that copper pentachloroplicnate is a potent mollusi'icide that is 
clearly superior to copper sulphate. 

Anticoccidial drugs 

This remains an extremely active field. Horton-Smith & Long 
(27) have undertaken a comparative study of sulpliuquinoxalinr. 
sulphadimidine, Xitrophuridc, nitrofurazone, Nicarbazin and a 
mixture (Bifuran) of nitrofurazone an<l furazolidone, using ev 
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peri mental infections with Eimeria necatrix, E. acervulina and 
E. maxima. The results indicate that Nitrocarbazin, nitrofurazone 
and Bifuran give the best prophylaxis against E. necatrix and that 
Nitrophuridc, nitrofurazone and Bifuran give good protection 
against established infections with this organism. Sulphaquinoxa- 
line protects against E. acervulina. Sulphadimidine and nitro* 
furazone completely suppress or greatly reduce oocyst production 
of E. maxima. 1 he same workers (27b) found that imidazole-4, 5- 
dicarbonamide (glycarbylamide) is effective in preventing heavy 
experimental infections with £. tenella and E. necatrix but inferior 
to sulphaquinoxaline in reducing the oocyst production of E. 
acervulina when continuous treatment was started before infection 
with oocysts. Ball (28a) has investigated the activity of various 
antibiotics against E. tenella and found spiromycin the most 
effective. The same worker (28b) showed that Nicarbazin at con- 
centrations of 0*01% w/w or more in the food is effective in 
preventing, and 0-025% in treating, early (but not established) 
E. tenella infection. Arundel (29a) has shown that 3,5-dinitro-o- 
toluamide (Zoalene) at levels of 0*01-0*03% in mash is more 
effective therapeutically in similar circumstances. Arundel (29b) 
also confirmed the efficiency of pvrimethamine and sulphonamide 
;igainst caecal coccidiosis but finds that the combination is too 
toxic for use as a coccidiostat. Joyner (80a) has examined the 
possibility of folic acid as an antagonist to the toxicity of this 
combination and claims that 25 mg./kg. daily reverses the growth- 
inhibition caused by 0-004% pyrimethamine and 0*05% sulpha- 
dimidine in the food without reducing therapeutic efficiency against 
E. tenella. The best results with Zoalene were obtained by adminis- 
tration to the chick early in the life cycle of E. tenella (regarded as a 
particularly suitable test organism) and good control may be 
effected by 0*01 or 0*0125% in the food, maintained for 10 days. 
Higher doses given for the first 5 days of the infection may induce 
a marked delayed mortality 4-5 days after removal of the drug 
(80b). 

Smyth (7 al. (81) have reported that the continuous administra- 
tion of 0*022% furazolidone in the food delays indefinitely the 
onset of sexual maturity in male turkeys and has adverse effects 
upon the fertility and hatchability of turkey eggs. 

Antitrypanosomal compounds 

Smith (32) has reported that prothridium, the suraminates of 
uthidium ami R.I). 2902 were all superior to quinapyramine in 
protecting Zebu cattle exposed to a high density of Glossina 
Pallidipes, the reaction in the form of swellings in the dewlap being 
least severe in the case of prothridium. Lyttle (33), in confirming 
flie potential excellent therapeutic value of prothridium, draws 
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attention to the readiness with which drug-resistant strains appear 
to follow after even one injection. Leach & El Karib (34) have 
obtained some evidence of toxicity in the held with prothridium 
bromide at 5 mg. /kg. Their trials were complicated by transient 
infections which, however, they do not regard as of major im- 
portance in judging the merits of a particular drug. Mctamidium 
chloride is very toxic when injected intramuscularly into West 
African White Fulani Zebu bulls at 10 mg. /kg., but there was 
reasonable tolerance, combined with activity against Trypanosoma 
rivax and T. congolense, at 5 mg. /kg. (3-5). Soltys (3d) has shown 
experimentally that antibody-resistant strains of trypanosomes are 
less sensitive to suramin and antrycide than are antibody-sensitive 
strains. 

Cooper (3?) has produced evidence that the antitrypanosomal 
drug ethidium bromide appears to have activity also against so- 
called New Forest disease (associated with Morazella bovis) when 
applied as an eye ointment containing 0*5% of the drug. 

x\ntibabesial compounds 

Lucas (38) has compared favourably the activity of a new 
compound, S.S'-diaminocarbanilide di-isethionate (M A B 50ti2A) 
with antibabesial drugs hitherto in use, using a test infection 
( Babesia rodhaini) in mice and B. diver gens infection in splenecto- 
mised calves. Beveridge et al. (3.9) reported that this compound 
offers advantages over existing treatments for bovine rechvater in 
the field. 
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FOOD 

By MEMBERS OF THE FOOD GROUP 

(Convenor: R. FALCONER, B.Sc M Ph.D M F.R.I.C.) 

[Huntley & Palmers Ltd., Reading) 

For many years it has been the policy of the Food Group to divide 
the food field into seventeen sections covering the principal carbo- 
hydrates, various foods, methods of processing, preservation, 
hygiene and packaging, and each year in the Food Chapter to 
report on progress in about six of these sections. Of necessity this 
has meant that each section has been dealt with only at thre - 
yearly intervals and then a good deal of the material is often rather 
out of date and the reviews sometimes too long. As methods of 
processing (such as canning, freezing, dehydration, packaging and 
hygiene) have advanced from the more fundamental to the applied 
stage it is considered that these sections can now best be covered 
as they apply to the various commodity foods. It has been decided, 
therefore, to reduce the sections to six, namely Cereal Products 
(including starch), Dairy Produce (including eggs, poultry and 
ice cream), Sugar Products (covering sugar, preserves, chocolate, 
sugar confectionery and non- fermented beverages), Meat, Fish, 
and Fruit and Vegetables, and to report important developments 
in these annually. Developments in canning, packaging, freezing, 
dehydration, preservatives, fortification, nutrition, hygiene, and 
the like will be covered as they relate to the individual foods. It lias 
not been possible to put this scheme into operation completely this 
year but a start has been made and the chapter has four sections 
dealing with Cereal Products, Dairy Produce, Fish, and Fruit and 
Vegetables. 

The Food Group has a very active Nutrition Panel and, as 
increasing attention is being paid to the nutritive value of pro- 
cessed foods, authors have been asked to write their review, where 
possible, with nutrition as a theme. In spite of all the basic research 
that has been carried out we are still amazingly ignorant of tin* 
nutritive changes which occur in food during processing and of the 
possible effect of food additives on nutritive value. It is perhaps 
because of this that the purity and wholesnnieiirss of food is still 
the subject of much emotional thinking; even among fo.nl expert* 
there is a surprising number who frequently appear to adopt an 
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attitude of prejudice rather than impartiality. In 1959 the Food 
Standards Committee published proposals for new controls over 
soft drinks which drew forth strong criticism from the Food 
Manufacturers’ Federation and the Lancet , which suggested that 
the advice of the Committee on Medical and Nutritional Aspects 
of Food Policy in regard to glucose ‘derived from work published 
many years ago . . . not specifically designed to solve the present 
problem', recent work by Chain and others indicating that the 
concept of dietary carbohydrate only supplying calories must be 
discarded. 

There is, in this country, an abundance and great variety of food 
of high quality and nutritional value, and by patronising all 
departments of a modern food store we can easily supply our 
nutritional needs. Persistent campaigns are being carried out, 
however, to undermine public confidence in the nutritional value 
of staple foods by the activities of food faddists and by many 
misleading advertisements. This grew to such an extent in America 
that the U.S. Department of Health, Education and Welfare con- 
sidered it necessary in July 1958 to issue an official leaflet, 'Food 
f acts tvs. Food Fallacies’. The report of the Food Standards Com- 
mitter on Bread and Flour, published this year, recommends that 
steps be taken to prohibit advertisements making exaggerated 
claims for enrichment of bread or for energy-producing qualities 
and the Committee agrees with the Joint Nutrition Panel that no 
food can properly be called ‘slimming’, and that such claims for 
breads, biscuits, rusks, rolls and certain cereal breakfast foods 
should be banned. The danger is that today we may be too well 
nourished and the School Health Authorities are becoming con- 
cerned with obesitv in children instead of malnutrition. 

In September of this year the Pure Food Centenary celebrations 
were held and the theme which emerged was the need for integra- 
tion of food research and food legislation with the hope that one 
day International Standards for pure food might be achieved. 
Anyone connected with the export of food will appreciate how 
complex the international position is concerning permitted food 
colours. Of 82 food colours permitted in 22 countries, only one 
colour is permitted in them all. In certain spheres, however, it has 
been possible to work on a world-wide basis, and F. A. 0., starting 
in 1957, have formulated a ‘Code of Principles concerning Milk and 
Milk Products’ which has been accepted by some 30 governments. 

Many industrial chemists concerned with export to the United 
States must find it verv difficult, with their limited resources of 
assistance, to keep abreast of the food additive position there to 
ensure that their products conform to the regulations concerning 
direct and indirect additives, including substances which might 
migrate from plant, wrappings or containers. Suppliers of materials 
to the food industry are frequently quite unaware of these require- 
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ments and it is the food chemist's responsibility to draw his 
supplier's attention to any specific requirement which might apply 
to his material. The lists of these additive substances prepared by 
the British Food Manufacturing Industries' Research Association 
for their members are very useful. 


CEREALS AND CEREAL PRODUCTS (J. Williams, B.Sc., 

Ph.D., F.R.I.C.) 

S pilfers Ltd., Cambridge 

This review deals mainly with the nutritional aspects of cereals 
(especially wheat) and products derived from them. 

Work on the development of new varieties of wheat with im- 
proved functional properties and yields continues. One variety, 
Viking, has received mention in the popular and trade press, fn 
work of this type, methods of assessment of functional properties 
during the development stages are of great value, e.g., a sedimenta- 
tion test (I), which, however, has some limitations. The quality of 
grain is, of course, affected greatly by seasonal variations, and the 
weather conditions during the i960 harvest caused considerable 
difficulties and in many cases unwelcome deterioration in the 
baking properties of native wheat. 

The Food Standards Committee formed in 1947 to advise the 
Ministry of Agriculture, Fisheries and Food has recently published 
its report on bread and flour (2). In some respects it has confirmed 
the status quo but has in other ways introduced definitions of 
quality. The nutritional standards for flour, laid down in the 
Flour Order (3) with regard to the addition of calcium carbonate, 
vitamin B lf nicotinic acid and iron are maintained and considered 
adequate. The Nutritional Panel of the Committee has recom- 
mended. that no addition of riboflavin or pyridoxin is necessary. A 
recent paper (4), in which the role of calcium additions in bone 
formation in rats fed on a lean meat diet has been demonstrated, 
emphasises the function that the calcium carbonate addition to 
flour can play, especially in the diet of older people. A list of per- 
mitted ingredients in bread is set out in the report, and specifica- 
tions are given for certain speciality breads, A minimum fibre 
content of 0-6% on the dry weight is chosen to distinguish brown 
bread from white bread and levels of 16% and 22% protein 
respectively are cited to characterise gluten- and high-protein 
breads. Limits are set regarding nutritional claims and inferences 
for such bread. Standards are given for the content of the charac- 
teristic ingredients of milk bread and wheat germ bread. 

The recognition of commercial needs for certain additives 
made in the report and improvers now in use are accepted at then 
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present levels. The need for further investigation and long-term 
chronic toxicity tests is emphasised, but in the meantime a per- 
mitted list of treatments has been prescribed, with the proviso that 
the position is to be reviewed in 3-5 years’ time. In the case of the 
most commonly used bleaching agent, a limit of 50 p.p.m. has been 
set. 

The examination of the effect of some of the customary treat- 
ments on the nutritive value of flour and bread continues. Chlorine 
dioxide reduces the vitamin E content of flour (5, 0), white bread 
being considered deficient in this respect, whilst germ-enriched and 
wholemeal breads are satisfactory. Essential fatty acids have 
received prominence in recent controversies and the effect of 
‘normal’ treatments with chlorine dioxide and chlorine have been 
shown (7) to be without appreciable nutritional effect. Excessive 
treatment leads to a loss by oxidation during storage, which may 
be due to the oxidation of protective factors such as tocols, with 
consequent reduction in the induction period. In other connexions 
it is claimed that selenium (in quantities of the order of 1 p.p.m.) 
has a vitamin-E-sparing action, and in this context it is interesting 
to note (#) that plants differ considerably in their absorption of this 
element from the soil ; soya-beans absorb little from the soil, wheat 
and barley absorb some, while certain species of Compositae, 
Leguminosae and Crucifcrae act in a highly concentrating 
manner. 

The International Congress of Nutrition held in Washington (9) 
dealt extensively with sources of protein foods. The deficiencies in 
cereal proteins and the virtues of supplementation with amino- 
acids have received considerable attention. Lysine, methionine 
and cystine are the main limiting amino-acids {10), although 
others have received mention. During the milling process there is 
an interference with the balance of amino-acids, depending on the 
extraction rate. The general amino-acid distribution in proteins 
from wheats of different types is very similar (11), small differences 
being noted in the basic amino-acids lysine and arginine. The effect 
of wheat germ and skim milk solids when added to a diet for 
weanling rats has been shown to correlate with the lysine content 
of the diets (12). The same effect was observed when bread made 
from flours of different extractions was compared (13) with and 
without supplementation with soya meal. In a mixed diet de- 
ficiencies in one are usually corrected by others, but in under- 
developed countries where low- value diets are prevalent, amino- 
acid supplementation mav be essential. It is considered (14) that 
the use of protein-rich foods is probably more economic than 
fortification with separate amino-acids. Groundnuts and fish flour 
have found use in Africa in this connection (15). 

Interesting reflections on the occurrence of strontium-90 in 
grain and flour have been published (10). The content in flour is 
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lower than in tine offal and bran, and varies in different parts of the 
world. Australian dour has the lowest and Russian wheat and flour 
the highest content. 

Radiation treatment of grain and flour has received further 
study (IT). High rates of dosage damage the enzyme systems of 
wheat, but at the lower levels sufficient to kill insects, such damage 
may not be great. One main limitation to such treatment is the 
effect of irradiation on the flavour. 

The Report on Bread and Flour (2) has accepted the necessity 
for improvers in flour for bread manufacture. The mechanism by 
which these act remains controversial, the over-all action being 
characterised by two distinct phases a rapid initial reaction 
and a slower secondary reaction proceeding at a constant rate. The 
rates of reaction in both phases increase with increasing flour 
concentration and decreasing pH. The baking process destroys all 
the residual bromate (18b). The interaction of thiol and disulphide 
groups has again been examined (10), and it is claimed that the 
rheological properties of dough are related to the number of inter- 
molecular disulphide bonds and the rate at which these can 
interchange with thiol groups. The action of improvers can be 
related to the strengthening of the dough through the inhibitions 
of this interchange reaction and in some cases to the formation of 
intermolecular disulphide bonds. Bromate is preferred to iodate 
because of its slower action. The reported discovery of thioctic acid 
in flour doughs (20) brings another factor into this complicated 
system. 

The Preservatives Sub-Committee in its report (21) recognised 
that there is a case for the use of an anti-mould agent in bread, 
because of the increased manufacture of wrapped and sliced bread. 
Propionic acid or its calcium or sodium salts in amounts up to 0-3° 0 
of the weight of flour is therefore permitted, in addition to the 
established use of acetic acid or calcium acid phosphate as control 
measures against rope organisms. Other preservatives such as 
diacctic acid and its salts, which are allowed in the U.S.A. and 
Canada, are not accepted owing to health hazards. Sorbic acid and 
its salts are permitted in cakes (2). 

Enzyme preparations are also permitted in bread manufacture 
to correct natural deficiencies in the flour. Treatment of biscuit 
flours is also mentioned and a recent patent (22) employs a pro- 
teinase in admixture with glutathione, cystine and cysteine or their 
salts to modify the gluten properties as the occasion demands. 

With the modern pattern of food distribution, measures to 
prolong the life of the article are of interest. In baking, a number of 
such adjuncts have been recommended and new emulsifying agents 
and so-called ‘crumb softeners’ find their individual supporters. 
In this country, as in others, freedom from health hazards is an 
essential, and where there is any doubt, a bar is placed on the use 
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of the particular substance (12, 23). The use of super-glycerinated 
fats, stearyl tartrate and lecithin is permitted. 

The proportion of bread which is sold wrapped and sliced con- 
tinues to increase. A wrapper is called upon to fulfil the two main 
functions of protecting the contents and at the same time display- 
ing the bread. Waxed paper still remains the most popular pro- 
tective wrapping material for bread, but increasing attention is 
being paid to transparent plastic materials. Various types of 
Cellophane have found favour and, after the technical difficulties 
of sealing had been overcome, polyethylene films have been used 
extensively. Polypropylene has mechanical advantages, giving 
clear visibility, adequate stiffness for machine wrapping with a 
soft feel, and providing satisfactory protection for the bread. The 
introduction of these latter films calls for close attention to prac- 
tical details in all spheres. The move towards bulk handling and 
storage of Hour and other raw materials used in the bakery 
continues to gain ground, with consequent benefits in hygiene. 
Tilt' Food Hygiene Regulations (24) have extended the precautions 
and provisions recommended for those premises responsible for the 
preparation of food in England and Wales and its subsequent 
handling. 

On the technological side, there have been no outstanding 
developments of value in the milling of flour or the production of 
new cereal products of nutritional value. The investigation of the 
applications of air classification continues and classifiers are avail- 
able in which flour is separated into fractions of differing particle 
size by means of selective air currents. Such separations lead to 
fractions of different protein contents with consequent different 
fundamental flour properties and the general emphasis has been on 
commercial uses (25). The studies have been extended to cover flour 
from differing tvpesof wheat. Much of the work is being carried out 
by individual interested concerns and the results have, consequently, 
a restricted publication. During air classification there is a displace- 
ment of B-vitamins accompanying the displacement of proteins 
(26*). Finely ground portions of scutellum and aleurone layer which 
are concentrated sources of these vitamins are segregated into the 
finer high-protoin fractions. 

In bakeries, continued interest has been shown in the develop- 
ment of continuous process and in the mechanical development of 
dough. There are a number of processes which have been put 
forward using a pre-ferment followed by mechanical development 
of the desired physical properties in the dough (27). The energy 
requirements for satisfactory bread production by such a process 
have been studied (2$). An attempt has been made to assess the 
proportion of this energy which is associated with breakage of 
disulphide linkages in the dough — the linkages considered earlier 
in connexion with improver action — and the experiments have 
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demonstrated the significance of this linkage. Gas-liquid chromato- 
graphy has been used to investigate flavour development during 
fermentation and baking (29) and many compounds have been 
detected. Synthesis from such results is, howevei, often dis- 
appointing. 
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DAIRY PRODUCTS (J. G. Davis, Ph.D., D.Sc., M.I.Biol.) 

J. Davis <& Partners, London , IV. J 

During the pasi two years tin* subjects which have been of special 
interest in the field of dairy science and technology have included 
the composition of milk, especially in relation to quality payment, 
rapid methods for the determination of proteins in milk, the 
nutritive value of milk products, milk fat in relation to atherosis 
and thrombosis, bulk milk collection and handling, and new 
methods and equipment for sterilising milk 

The composition of milk, especially in relation to quality 
payment 

The most important publication on this subject during the last 
few years has been the report of the Cook Committee on milk 
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composition in the United Kingdom ( 1 ). Since this year (1900) was 
the centenary of the first act concerned with the prevention of the 
adulteration of food, it is especially opportune to review the 
question of the purity and composition of milk, particularly from 
the point of view of the consumer. Before about 1900 nearly all 
milk was sold direct from the herd, or even the cow, to the con- 
sumer. Hygiene did not exist in the modern sense, and adulteration 
was not only universal but an accepted practice in the dairy trade. 
So little was understood at this time of the factors controlling the 
compositional quality of milk that the Wenlock Committee in 1901 
recommended presumptive minimum standards of 3% fat ami 
tS*5° 0 solids not fat (S.N.F.) (2). This legal basis has controlled the 
sale of milk in this country for the last tiO years. 

During this same period the method of milk distribution and 
our scientific knowledge of milk quality and its control have both 
undergone revolutions. Practically all milk today is bulked, pas- 
teurised or sterilised and sold by big firms. In England and Wales 
only 5° 0 is sold by producer-retailers ( 1 2 0 0 in Scotland and 3% in 
Northern Ireland). Thanks to the efforts of the public analysts and 
the dairy scientists, watering of milk is now rare and milk as sold 
to the public is usually of almost constant composition. 

About three-quarters of the milk produced in England and Wales 
is consumed liquid (Scotland »>0%, Northern Ireland !1T)%), so that 
on a quantity basis the ordinary consumer is more important than 
the manufacturer of milk products. Possibly for this reason tin- 
interest in the chemical quality of milk has centred almost entirely 
on the fat content, and ‘cream line’ has usually hern the biggest 
selling factor in the milk trade, some dairymen considering t hiit a 
good cream line is even more 1 important than keeping quality. The 
S.N.K. content has not onlv been ignored by the consumer lmt lias 
not even been understood. Nutritionists have for some time been 
emphasising its greater importance, and it is gratifying to note that 
the Cook Report has been particularly concerned with this aspect. 

Two distinct problems have been considered in this report, firstly 
how to prevent the decline and raise tlu* compositional standard of 
milk in relation to S.N.F., and secondly what quality-payment 
system, if any, would be best in the interests of all concerned- the 
producer, the liquid milk distributor, the manufacturer and the 
consumer. 

We now have a considerable amount of information about the 
variations in the fat and S.N.F. contents of milk and the reasons 
for them. Breed is undoubtedly the most important factor. I he 
milk from the Friesian cow is on average the poorest in both fat 
and S.N.F.; 30 years ago it was in a minority in the herds of this 
country, but today is at least as numerous as the Shorthorn which 
earlier constituted 70% of our dairy cows, and is likely to increase 
steadily in numbers during the next few years. 
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There are well-recognised seasonal variations covering a range of 
0*4% hit and 0*3% S.N.F., but there is a fairly standard pattern 
throughout the year and little can be done to even out these 
seasonal variations. 

Until recently the effect of method of feeding the cow on the 
composition of its milk was but ill-understood, and the evidence 
on the subject was very confusing (3-5). As a result of work carried 
out at the British Dairy Research Institutes, much more precise 
knowledge of the effect of feed is now available. Possibly the most 
important finding is the realisation that prolonged feeding of a food 
low in energy value will lead to a lowering of the S.N.F. content of 
the milk (0--8). This effect may not be immediately apparent, but 
it can be very persistent, and the longer the period "of underfeeding 
the more persistent it will be. Roth the war and the development 
of modern methods of feeding, e.g., silage, may be responsible 
factors, because many farmers were unable to obtain sufficient 
high-energy foods for their cows or had no precise knowledge of 
the quality of the hay, silage, etc., which they were feeding. There 
is little doubt that continued efficient feeding will not only bring 
about an increase in yield, but will improve the S.N.F. content if 
this has bee n low. It has been calculated that under these circum- 
stances it would cost about Ul. per gallon to increase the S.N.F. 
value by 0-1 %. 

Breeding is a third factor whose importance is now becoming 
realised by most milk producers. The purchase of milk on a 
quantity basis for many years has undoubtedly made the farmer 
'gallon conscious', and has furthered the increase in the number of 
Friesian cows and encouraged the farmer to ignore quality aspects. 
It is now recognised that while, broadly speaking, fat and S.N.F. 
vary together, animals can differ in the fat and S.N.F. charac- 
teristics which they transmit to their progeny. It has been con- 
tended that as there is a correlation between fat and S.N.F. values, 
it is sufficient to pay attention only to fat values, but this is a 
short-sighted policy and the Cook Committee places emphasis on 
the importance of considering S.N.F. aspects in their own right. 
Unfortunately, anv improvement in the S.N.F. value of the 
country’s milk could only be altered very gradually by attention 
to breeding. The report suggests that an improvement from this 
source would amount to only about 0*02% S.N.F. per annum. 

A fourth major factor is mastitis. Before the penicillin era about 
35% of our cows were suffering from sub-clinical mastitis, mainly 
due to Str. agalacfiae. Antibiotics have largely eliminated this 
particular type, but other types have become more prevalent and 
it is probable that lh% of our dairy cows have the disease in one 
form or other today. The sub-clinical forms may not affect the fat 
?n<l protein contents to any extent, but they lower the lactose and 
increase the salt content. The overall effect of mastitis on the 
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national milk supply is probably not significant, but in individual 
herds it may easily be responsible for bad failures on S.N.F. tests. 

One method of ensuring that the consumer receives a milk o( 
known chemical quality is to standardise it, by adjusting the fat 
content to an arbitrary value, e.g. 3%. If this were done the general 
milk supply would be poorer in fat {at present it averages about 
3-7%) but the consumer would get an article of known and 
constant fat content. Standardisation would almost certainly lead 
to homogenisation, as is the usual practice in Europe and elsewhere. 
This has the advantage of making the milk more creamy for a 
given fat content, but homogenised milk readily develops a certain 
type of taint which is difficult to avoid. There appears to be little 
enthusiasm in this country for such a revolutionary practice. 

It has long been recognised that the legal presumptive minimum 
standards are unsatisfactory for those whose responsibility it is to 
prevent the adulteration of milk. A further difficulty arises from 
the fact that the fat content of milk can easily be adjusted by the 
simple process of allowing part of the fat to rise to the surface. The 
normal control method of the public analyst is to test milk samples 
for fat and S.N.F. , and, if one or both values an* below t lit* pre- 
sumptive standards, to apply a freezing point test. Since this is 
easily the most accurate method for detecting added water, it is 
strange that in the rest of Fumpe other methods are still employed 
for detecting adulteration. The Cook Committee conies to the 
conclusion that there is no reason for retaining a legal presumptive 
minimum standard for S.N.F., but it considers the possibilities of 
fixing an absolute standard, which would have to be lower than 
8-5% because of low values in late winter; it was decided that an 
absolute standard is not practicable at the present time. Somewhat 
surprisingly, the retention of the presumptive standard for fat at 
3% is favoured without convincing reasons, and it is suggested 
that it may be possible to institute such an absolute standard 
within the next 5 wars, and one of jy. r >% S.N.F. within the next 
10 years. 

The report also comments on the desirability of having a satis- 
factory legal definition of milk and suggests the following: 

‘Cows’ milk means th»* secretion, excluding colostrum, which 
can be gained by normal milking methods, from the lactating 
mammary gland of the healthy, normally fed cow.’ 

The Committee also recommends that it should be made a specific 
legal offence to abstract fat from milk intended for sah* as such, 
and also that the evidence of the freezing point test should be 
accepted in a court of law as proof of the presence or absence of 
added water. Naturally the seller would be entitled to have 
evidence offered by his own analyst. 

The report gives detailed Consideration to various quality pay- 
ment schemes which have been suggested from time to time. I h 1 * 11 ' 
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are clearly many difficulties in applying the ideal scheme under 
which the fat and S.N.F. values of all producers milks would be 
determined at frequent intervals, and payment made directly on 
a basis of these results. 1 he cost of such a scheme applied to every 
producer in the United Kingdom would be very high, and that 
suggested is really a toned-down modification of the ideal scheme, 
although it can be approved for the emphasis it gives to S.N.f! 
values. 

The main recommendations of the report are summarised under 
19 headings. The Committee recommends that milk should con- 
tinue to be sold as it comes from the cow (except for special grades), 
and that both fat and S.N.F. values should continue to be the 
criteria for legal and marketing purposes. Differential payment 
schemes for S.N.F. should be introduced as soon as possible in the 
United Kingdom and these should take the form of penalties where 
it is not possible to institute a full range payment scheme. In 
Great Britain penalties should be imposed when the S.N.F. value 
falls to 8*4% or lower. 

A particularly interesting recommendation is that the terms of 
reference of the Joint Milk Quality Control Committee should be 
extended and among its duties should be the task of keeping the 
Minister informed of developments affecting milk composition and 
giving advice. 

bor general discussions of the background to quality payment 
schemes sec reference (#). 

Some very useful publications giving general information about 
the British dairy industry have been published during the period 
under review. Crossley (10) has written a book on the occasion of 
the 15th International Dairy Congress. Strauss (11) has given a 
comprehensive analysis of the structure of the dairy industry in 
England and Wales, and the Milk Marketing Board, in addition to 
its two annual reports, has issued a booklet of dairy facts and 
figures (12). The usual detailed statistics for agricultural production 
have been published by the Ministry (/3). 

Composition of milk in other countries 

In South Africa, Bakalor (14) has published detailed analyses of 
milk in that country and discussed the possible reasons for 
variations. He recommends that all milk should be bought on a 
quality basis. In the Netherlands (75) comprehensive schedules 
have been issued privatelv giving detailed chemical analysis of the 
milk of selected cows over 7 years, and further information of this 
nature is to be published. In the U.S.A. bulk milk analyses have 
been given by Nickerson (76*), and daily variations in the com- 
position of herd samples have been studied by Mickle (17), 
wli° issued a warning about the danger of relying on correlations 
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between constituents. A similar study of variations on individual 
cow samples has also been published by Fricker (IS). 

Studies of the effect of various factors on the fat and S.N.F. 
values of milk have been made in England (i9), in Wales (20) and 
in the U.S.A. (2/). The last two papers discuss the possible influence 
of mastitis, which is still a very controversial subject. 

Considerable interest has been taken recently in genetic influences 
on the composition of milk. Krosigk (22) has given correlations 
between a number of factors and fat, protein. S.N.F. and total 
solids, and (25) obtained genetic correlations of 0-70 between fat 
and protein, U*55 between fat and S.N.F'., and 0*92 between 
protein and S.N.F. 

The effects of a number of genetic and environmental factors on 
the S.N.F. value have been investigated by Wilcox et n/. (24), and 
Comberg <S: Voigtlander (2*5) have studied the effect of feeding and 
management on various constituents. They agree with other 
workers that although fat, S.N.F. and proteins are positively 
correlated, it is not possible to assess S.N.F. or protein content 
from the fat value. 

There has been increasing interest in the nutritional value of the 
protein in milk during the last !> years. Fluctuations in the protein 
content of milk, and the reasons for them, have been studied (26), 
and the protein content examined from the point of view of the 
effect of mastitis (27). It is concluded that mastitis milk generally 
contains less protein. It has long been known that: casein is de- 
pressed and globulin increased, and the change in the albumin 
globulin ratio is considered to give the best indication of ab- 
normality. 


Quality payment 

In those countries in which quality payment schemes are in 
force, fat is the usual constituent for the basis of payment, although 
it would seem preferable from most points of view to base it on 
total solids, or at least on fat plus protein (cf. fib) . In Holland, 
where most ol the milk is manufactured, it is now realised that the 
correlation between fat and protein is not good enough to justify 
payment on the fat value alone, and milk is now bought on huth 
fat and protein contents. For this purpose protein is estimated by 
the Kofranyi method (distillation of ammonia from milk in the 
presence of alkali), which is considered sufficiently accurate for the 
purpose (2H). In Italy, (iiuccioli (29) discusses quality payment, 
and especially the methods for assessing protein content, and con- 
siders the Kofranyi method to be superior to the formol titration 
method. An account of the Dutch method and a considerable 
amount of data on the subject are given bv I.olkema (SO). 



FOOD 


405 


Determination of protein content 

I he interest in the protein value of milk has resulted in the 
publication of many pajjers on simplified methods for determina- 
tion of protein in milk. The Kjeldahl method is normally used for 
reference purposes, and the most popular simple methods arc the 
formol titration (used by Walker for casein measurement), the 
Kofranvi method and various dye-absorption methods. In general 
all workers (37) agree that, taken over a number of samples, the 
formol titration value is sufficiently accurate for the purpose. 
Various workers prefer different methods for the formol titration 
but these are all basically the same and it is unlikely that differences 
between them would be of significance for a number of results. 
There appears to be general agreement that the Kjeldahl and 
Kofranvi methods give virtually identical results (32). 

Ingenious methods have been described by Konev & Kozunin 

(33) , using the relationship between protein content and fluor- 
escence. Agreement with the Kjeldahl method was claimed to be 
±0'17%, with an average error of 0-08%. The classical xantho- 
proteic reaction between protein and nitric acid has been revived 

(34) , the colour being measured with a blue filter after neutralisa- 
tion ; the sensitivity is claimed to be in the range 0-5-5 mg. protein. 

One of the most rapid methods to attract attention in the last 
2 years is that based upon the precipitation of the protein in milk 
by certain dyes. The excess dye remains in solution and can then 
be estimated by the usual methods. With Orange G, Treece 
(3*5) obtained values of 3*2455 ;MM)394%, and 3*2475 _j_ 0*01 93% 
by the Kjeldahl and dye methods respectivelv. It is evident that 
the accuracy is quite adequate for payment purposes. Similar data 
for the accuracy of the Orange G method have been given bv 
Ashworth (36‘) and (for serum proteins) by Seals <S: Ashworth (37). 
Shiga cl al. (33) compared Orange G with Amido-black 10B, and 
found the latter to be superior. Their results showed a standard 
deviation of 0*083° 0 from the Kjeldahl method. Other workers 
confirmed that the Amido-black method is probably the best (39). 
The necessary conditions for avoiding the errors associated with 
methods of this character, and detailed instructions for carrying 
out the tests accurately and quickly have been given. 
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Bulk milk collection and handling 

It is obvious that any system whereby milk can be handled in 
bulk from the farm to the collecting depot will appreciably reduce 
handling costs. Then lias been considerable interest during the 
last few years in the system of bulk farm collection, in which the 
milk from the cows is passed directly into a refrigerated tank on 
the farm, and thence is pumped to a tanker which takes it to tla* 
collecting depot. A specification for a bulk farm tank has been 
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issued in the United Kingdom (/), and a test report (2) shows that 
such a tank can cool 175 gallons of milk per day from 90 = f to 40°f 
or lower. The insulation of such a tank is an important feature (3). 

1 he system is possibly only suitable in flat areas, but is being 
developed in many other countries, particularly in the U.S.A. and 
also in Russia (4). Accounts of the progress made in this system 
have been published in Scotland (5), Canada (6’), New Zealand (7) 
U.S.A. (8), Austria (0) and Sweden (10). 

All those familiar with the bacteriological aspects of milk col- 
lection will realise the potential dangers of such a scheme of 
collection. Contamination and deterioration of milk in a single 
1 0-gallon churn is of limited importance, but spoilage of hundreds 
or thousands of gallons of milk is a very serious matter. Studies of 
the bacteriological quality of milk collected by this new system 
have been published (//). As with the classical method of milk 
collection, cleanliness and sterility of utensils and the temperature 
of holding milk are factors of outstanding importance in the 
production of a milk of satisfactory bacteriological quality. 
Provided that efficient methods for cleaning and sterilising all the 
farm equipment which comes into contact with the milk are used, 
this system can be operated satisfactorily. Some interesting 
differences in the proportions of failures on colony count, presump- 
tive coliforms, and psychrophilic organism counts have been 
reported, and these are doubtless due to the different conditions, 
particularly in respect of the fact that all the milk is bulked at the 
farm. The results of controlled schemes have been published in 
U.S.A., where preliminary incubation of the samples for 18 hours 
at o.Tf, has been found useful {12). The relation between colony 
counts and dye reduction time may be different on account of the 
low reducing ability of the higher proportion of psvchrophilic and 
thennoduric organisms in such milk (13). Other bacteriological 
data have been given in C anada (14), U.S.A. (15) and in Germany 
(Mi). Broadly speaking all workers come to the conclusion that, if 
properly carried out, this method can give milk of high bacterio- 
logical quality, although a slight modification in bacteriological 
testing is desirable. Some workers ( 17) have found a high proportion 
of samples with excessive sediment. Although such a position is 
unsatisfactory, it must he borne in mind that there is no necessary 
correlation between the results of sediment and bacteriological 
tests. 

hew data on costings are available in the British literature, but 
a number of publications in U.S.A. (IS) deal in some detail with 
the economic aspects of bulk collection compared with can trans- 
port, Costs for capital outlay and assembly have been given by 
KelUy (/#) ;iiu j Seale (20). An interesting aspect has been discussed 
ny Ahrens (27), who has used the heat-pump idea to utilise the heat 
extracted from the milk during cooling in the farm bulk tank. 
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Sterilised milk 

About 95% of all milk consumed in Knglund and Wales is heal 
treated and of this about 12% is sterilised, and tin 1 proportion i> 
increasing steadily. Scientifically the main interest has been tlu* 
application of quick sterilisation or ultra-high-temperature methods 
(t HT) which involve heating milk to a temperature of about M () 
lor about 2 seconds. It is almost impossible to measure accurately 
the holding time in this process. Quick sterilisation permits a less 
drastic heating of the milk in the bottle, and shows the way 
towards aseptic filling, which appears to be the ultimate objective 
in the dairy industry (for general description of the sterilising 
process and equipment see references /, -). 

The methods and plants used in other countries have been 
described by various authors (•?). 

In Holland, Labots et al. (4) consider that the main source'; of 
contamination by spores are the equipment between the sterilisei 
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and the. bottle and the air, bottles and closures do not appear to be 
important. Hints on flavour control arc given by Cogdill (5) and 
the conditions controlling pressure build-up in bottles during 
sterilising have been studied (6). 

Three main types of equipment have been developed for quick 
sterilisation: tubular heaters, plate heat exchangers, and steam 
injection equipment (/). Lelievre (8) deals in some detail with 
uperisation, as developed in Switzerland, and the French method 
developed by Laguilharre (.9). Similar systems are in use in 
Denmark (10) and Germany (11). A fundamental study of milk 
sterilisation by steam injection methods has been made by Kaliba 
ct id. (12). Advances have also been made with in-bottle sterilising 
equipment, e.g., a very neat unit suitable for small dairies (13), 
continuous (14) and semi-continuous systems (75). 

One of the main problems in the development of quick sterilisa- 
tion methods has been the testing of performance. Laboratory and 
small-scale models can give useful information but especial care is 
necessary to ensure that the conditions are made as near as possible 
to those in the production equipment. Apparatus for this purpose 
has been described (10). The results of performance tests with a 
plate heat exchanger have been given by Humbert et (d. (17), who 
obtained a holding time of 5 seconds at 280T\ Milk receiving this 
treatment was sterile. 

Laboratory controlled experiments devised to determine the 
time temperature conditions necessary to achieve a 99*99999% 
destruction of spores have been described by Franklin et al. (18). 
Their work indicated that a temperature of 130-5°c was necessary 
with milk, but 1 35 c with water. These authors have also published 
thermal death curves (10). Similar fundamental studies with heat- 
resistant spores have been described bv Burton and his colleagues 
( 20 ). 

It is evident that any methods which are purely physical or 
mechanical in nature are to be preferred to those, such as heat 
treatment, which can affect the organoleptic and nutritional 
properties of milk. It is possible bv ultracentrifugal methods to 
remove a high percentage of the micro-organisms in milk (21), and 
it lias been claimed that by a suitable design as many as 99*5% of 
tile bacteria can be removed in this way. The method is basically 
the same as the clarifier, which lias been in use for many years for 
the purpose of avoiding sediment in sterilised milk. With the 
development of sterilisation as a process, the ultracentrifugation of 
milk may come to be recognised as a standard method of treatment. 

It is acknowledged (22) that sterilisation does more damage to 
milk than any of the other ordinary processes. There appears to be 
little effect on the lactose (23), but some destruction of vitamin B x 
occurs (24). Steam injection methods have a homogenising effect 
(~G). Milk treated b\ the 11 IT and in-bottle processes suffers some 
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loss in the biological value of the protein, although the true 
digestibility is not significantly altered (26), There may be a low 
loss in lysine aiul a slight loss in riboflavin (&S“). The effect ot 
sterilisation on vitamin B 6 lias been discussed by Bernhart et «/. 
(29), and on the availability of calcium by Henry & Toothill (30), 

The numbers and types of spore-forming bacteria which survive 
in commercially sterilised milk have been studied by Grosso <\ 
Bergamino (37), and by llermier & Bergere (3:2). The latter authors 
found that nisin could be used to prevent vegetative multiplication 
and also to reduce heat resistance of spores. The types surviving 
have also been described by Ridgwav (33) and Galesloot & Labot* 
(37). The latter authors suggest that it is better to incubate bottles 
at 30x for 5 days rather than at 37 c for o days in sterility control 
tests. The factors controlling spore germination have been studied 
bv Taylor (35) and the causes of carbolic flavour in sterilised milk 
investigated by Labots & GalcsLoos (36). This defect may be 
enhanced bv contamination with B. circtdans derived from infected 
bottles and surviving in the detergent solution in the bottle 
washer. 

Obviously the most efficient method of sterilising becomes useless 
unless the sterile milk can be packed in such a wav as to maintain 
its sterilit' . The most common practice is to use bottles with crown 
corks and similar closures (37), and a scries of papers in Denmark 
has compared packaging in bottles and in cartons (33). The 
ingenious Tetra-Pak has also been used for tin aseptic tilling of 
sterilised milk (3.9), and this problem is unquestionably one of the 
most interesting and the most important in the dairy industry at 
the present time. It appears unlikely that the main disadvantages 
of bottles for milk (weight and fragility) will ever be eliminated, 
and it is probable that if anv carton system can be both efficient 
and compete economically with the bottle, then it will rapidly 
become universally adopted. 

Although there has been much interest in aseptic filling into 
bottles or cans it dot s not appear that much progress has been 
made. Methods have been suggested (40) but no dairy company 
appears to have sufficient confidence in any one of these to abandon 
the existing classical method, i.e., sterilisation in bottle with or 
without preliminary quick sterilisation. Nevertheless, there can be 
little doubt that it is only a matter of time before a successful 
method is evolved. If an intermediate stage of long-keeping 
pasteurised milk were considered by the industry and the con- 
sumer, a suitable objective would be a failure of not more than 
3 in 10,000 containers. For example, this would allow one con- 
taminated from the milk itxelf, one from the container and one 
from the equipment or air. Even if sterility in the strict bacterio- 
logical sense were not obtained, such a system might permit 
delivery every second or third day and so help towards the solution 
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of what is probably tlu* most important economic problem in the 
dairy industry, namely, how to obtain a five-dav week. 

A few papers have been published on special types of sterilised 
milks and milk products. Sterile concentrated milk still attracts 
attention in the U.S.A. ( 41 ). In the United Kingdom, the only 
special product of any consumer interest is chocolate milk, a 
method for making which has been described by Hansen ( 42 ). 
Various types of reinforced milks have been described ( 43 ). 

Laboratory control methods are given by Tentoni ( 44 ) and other 
authors ( 43 ). It may be emphasised that ordinary bacteriological 
methods arc quite useless for sterilised milk. Incubation of the 
bottles at 20, 37 and 55'x is the only sound method, or, for a 
restricted controlled system, 37 X is the best single temperature. 
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FRUIT AND VEGETABLES (J. C. Fidler, O.B.E., B.Sc., 

Ph.D., M.Inst.R.) 

Dillon Laboratory, Agricultural Research Council 

A booklet published late in 1959 by the International Institute of 
Refrigeration (1) lists the conditions which have been internation- 
ally agreed as most suitable for the storage of fruits and vegetables; 
this should replace many existing publications, which are often 
unreliable. 

Fuller (2) lists the conditions applicable to apples and pears, l or 
pears there is a marked trend towards the use of lower temperatures 
(delivery of air at 29 i ) in air, but for apples gas storage is generally 
most suitable, and atmospheres free from carbon dioxide and with 
very low (about 2%) oxvgen mav prove useful. Tomkins (3a) ha* 
described results obtained by a small-scale method of testing 
different gas mixtures, and has recently (3b) discussed current 
problems in research on gas storage. All methods of gas storage m 
which the sum of oxvgen and carbon dioxide concentrations total 
less than 20% involve the use of a ‘scrubber’, to remove carbon 
dioxide. Mann (4), in a paper giving technical data on construction 
of refrigerated gas stores, discusses the efficiency of a new system 
of scrubbing (-5) with dry hydrated lime. 
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Gas storage is now widely adopted in the U.S.A., where it is 
known as C.A. (controlled atmosphere) storage. Many American 
stores rely on the solubility of C0 2 in water for scrubbing. The 
operation of such a scrubber (developed by Dewey et al ., 1957) has 
been analysed (6‘), and the efficiency shown to depend primarily 
on the method of aeration of the water, external to the store. 

Gas storage is not used commercially for the storage of fruits 
other than apples and pears, but there is no doubt that it could be 
used for many other tissues. For example, Couev (7) has shown its 
suitability (7% C0 2 , 7% 0 2 ) in the storage of Eldorado plums. 

Californian practice in handling and storage of grapes is described 
in an article (<$) which contains much valuable information on 
packaging, prevention of decay, and practical application of the 
method of forecasting decay developed by Harvey (see below). 

Although gas-storage normally means storage in an atmosphere 
modified by the respiration of the produce, the effects obtained 
may be induced by artificial addition of gases. Thus Smith (.9) 
describes the use of high concentrations (20-25%) of carbon dioxide 
in the transport of raspberries, and storage of blackcurrants for a 
month at 2 C C in 50% C0 2 (plus air) for one week, followed by 25% 
for the remainder of the period. This process is now used for storage 
of blackcurrants for processing into juice. 

Gas-storage effects can also be produced without using specially 
built stores. Ky enclosing fruits or vegetables in films permeable 
to oxygen and carbon dioxide, with appropriate film thicknesses 
(or by suitably perforating the films) and ratio of weight of produce 
to area of film, it is possible to arrive at atmospheres with lower 
concentrations of oxygen and higher concentrations of carbon 
dioxide than in air. This has been applied to apples {IQ), pears 
{10, 11), and chestnuts (12). Eaves (IS) has constructed a jacketed 
gas store from Mylar plastic sheets. 

‘Consumer’ pre-packages of fruits and vegetables are small-scale 
applications of the above procedures ; they are fraught with dangers 
arising from unsuitable internal atmospheric conditions. Tomkins 
(/■/) and Hardcnburg (15) have both discussed the pre-packaging 
of product , with reference to control of gas composition, and 

biological effects. 

Pre-packaging lias brought with it many new products and new 
problems. One new product is the peeled (and often chipped) 
potato; the problem is to avoid browning of the tissue, which may 
be done by sulphite or by reduction of oxygen (16). Depletion of 
oxygen, by use of an impermeable film (Cryovac, polyethylene), 
led to formation of alcohol, and had to be used in conjunction with 
refrigeration to reduce the incidence of off- flavours. It is known 
that some vegetable tissues will tolerate freezing, if the temperature 

not too low and the time of freezing not too long, but much more 
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work is necessary. Thus the observations of Bows \ (iinsburg ( 17 ) 
on the tolerance of deciduous fruits to temperatures of 24 °f and 
20 = f are timely. Stone fruits are very sensitive and are quick I v 
injured; grapes will tolerate these temperatures for 12-24 hours, 
but pears vary in sensitivity according to variety. Bon Chretien 
being very sensitive. 

During the past four years much work has been done, in New 
Zealand and in the l\S.A., on the use of bulk containers (which 
hold 15-25 standard bushel boxes of fruit) for harvesting and 
storage of fruits. Such containers not only reduce labour require- 
ments, but also largely eliminate bruising. Much ingenuity is 
shown in methods of emptying the bins, e.g., b\- water flotation 
(IS). De Beaux (19) has commented on Australian experience wit !i 
large containers for apples sent bv sea to the I'.K. Refrigerant] 
transport of perishable foodstuffs is a form of storage; special 
conditions, of construction and of use, are demanded according in 
type of produce, duration of the journey, and mode of transport, 
whether by rail, sea or air ['JO). 

Certain produce from some regions may not require stringent con- 
ditions to ensure arrival in good condition. It has been shown [Jt ) 
that oranges can be carried successfully from South Africa at 13 r, 
instead of the more usual 4 c. The journeys were made in ordinary 
cargo vessels, insulated with light-weight disposable foil, and cooled 
by portable refrigeration units. Wry considerable advantages in 
cost and use of cargo space accrue from such methods. 

Much less is now heard than 1 or 5 years ago about the rob* of 
volatile constituents of respiratory gases from plant tissue. This is 
partly because the questions have been simplified by finding that 
physiological activity is negligible at low tenq>cratures, yet it is 
more complicated as more is known about their nature but no more 
about their origins. This work has been facilitated by developments 
in gas chromatography (see Meigh {22)). As an example of sensi- 
tivity, the lower limit for ethylene is now about 0 03 /d. of ethylene 
in 1 litre of air, using a 1-ml. sample. It is of interest that the results 
obtained for production of ethylene bv apples confirm results 
obtained 12 years ago by Kidler by purely chemical methods. 

Volatile substances may be added as aids to storage. An im- 
portant series of articles on storage and handling of potatoes, bv 
Burton (23a), describes, inter alia, the use of nonyl alcohol as a 
sprout suppressant. In a further article (23b) the same author 
compares the cost per ton of potatoes treated with different 
chemicals, as sprays, dusts or vapours, nonyl alcohol being 
cheapest. Burton & de Jong (24) have reviewed work on suppres- 
sion of sprouting of potatoes by 7-irradiation; 10,000 rads or less 
are sufficient and technically feasible, although not on individual 
farms. However, irradiation accelerates sweetening and breakdown, 
and may increase rutting. 
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Much less work is done on vegetables than on fruits, but Parsons 
(26) has re-investjgaterl the storage of celery, for which 32 c f is the 
optimum temperature, quality being maintained longest in crates 
lined with polyethjdeno film. 

The quality of many vegetables depends on rapid cooling and 
maintenance of low temperatures. This is especially important for 
produce, the flavour of which depends on sugar content and which 
has high rates of respiration, e.g., sweet corn and peas. Stewart & 
Barger (20) found that the method of cooling was unimportant for 
peas, but that hydrocoohng was most effective with sweet com * 
both vegetables benefited greatly from top-icing during transport! 

fn the field of plant physiology, it had long "been thought that 
citrus fruits did not show the ‘climacteric peak' in the respiratory 
activity found with many fruits, but Trout et al . {27) claim to have 
demonstrated recently its occurrence in Australian-grown oranges. 
In many fruits the climacteric is closely correlated with senescent 
changes, but this is not necessarily so for the orange. 

The olive fruit, though very important commercially, has re- 
ceived little attention from the physiologists. Now Maxie et al. (2$) 
have investigated the respiration and ripening of olives, and the 
effects of temperature, cthyh m and 2,4 D. 

As might have been expected, radio-tracer techniques have been 
adopted enthusiastically. McCollum Ov Skok (29) fed 32 P and 14 C 
compounds to tomatoes, to investigate translocation of nutrients 
into the fruit. It was shown that most of the nutrients have 
entered the fruit when pink coloration begins to appear. 

Research on phenolic constituents of plant tissue being fashion- 
able and certain of these being known to be fungistatic, it is not sur- 
prising that attempts have been made to relate naturally occurring 
phenolics with resistance to fungal attack. Hulme & Ednev (30) 
have shown that chlorogenic acid may inhibit the germination of 
(iheosf>oriuM perett turns in culture, but that the overall concen- 
tration in the peel of apples seems to be too low to be effective. 
Variation in susceptibility to rotting is not accompanied bv 
corresponding variations of gross content of phenolics, 

her certain fungal diseases of fruits it is possible to forecast the 
extent of decay during refrige rated storage, and thus to market the 
lr uit before rotting can become serious. The method, which depends 
f)n rapid appearance of decay at a fairly high temperature, has been 
used successfully for prediction of rotting by Botrytis einerea on 
grapes, and bv Glows pori tint per cumins on apples (37). 

Leaf spot disease of bananas (Mycosphacrella tnusicolu) not only 
greatly reduces the yield of fruit, but is reputed to lead to produc- 
tion of bananas which ripen excessively quickly, so that they cannot 
he transported successfully. The disease has only recently yielded 
10 treatment, low-volume spraying with oil being effective (32). 
comprehensive book on the banana, including its chemistry, 
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physiology, and storage properties, has been published bv 
Simmonds (33), 

Physiological or functional diseases of plant tissue continue tu 
receive attention. Treccani's book ( 34 ) on the Cause and prevention 
of physiological diseases of apple fruits is one of the best to have 
been published to date and is well illustrated. 

Superficial scald of apples is probably the disease on which most 
work has been done. Fuller (35) has reviewed the available informa- 
tion on control of this disease; much of the evidence is conflicting 
but while much can be done to control scald by orchard ami 
storage management, chemical methods hold most promise. The 
best so far is diphenylamine (not yet released for use) ( 30 ). Harvey 
Cc Clark (37) described a method of estimation of diphenylamine 
residues on apples, and the effect of different treatments. 

Bitter pit of apples may occur either in the orchard or during 
storage, and causes serious losses in some districts. Until recently, 
no good measure of control was known, but Martin d o.l. (3>V) have 
shown that spraying the trees with solutions of calcium acetate or 
nitrate reduces the incidence of bitter pit. Similar results him- been 
obtained by Askew ( 30 ) and Baxter [ 40 ). 

The mineral nutrition of the tree thus lias an important bearing 
on the storage behaviour <>f the fruit. The results of a complex 
series of experiments on this subject have been publish'd bv Tiller 
d al. (41), who discuss the influence of N, P and K on yield, storage 
properties and development of fungal and physiological injuries 
of apples. 

All the foregoing r* lut» ■> to fresh produce, i.e., in the living state. 
There have been no advances in frozen food technology in the past 
year; indeed, there are signs that many people are woiried about 
lack of standards, especially international standards, both ol 
quality and of definitions. These, and similar questions, have hcmi 
discussed at two refrigeration congresses in tie" past year (■/.-). 
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Chilling 

Since 1955 work on the effects of handling and stowage procedures 
°n the quality of fish lias continued (/, ~), the most important 
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feature of the results being emphasis on the fact that rise in 
temperature, of the fish at any point results in accelerated spoilage. 

Use of refrigerated brine for preservation of fish both at sea and 
on land has spread rapidly over the past few years (3). The relative 
merits have been discussed (4) and the chemical and physical 
changes occurring in fish stored in this manner have been studied 
(a). An extension of storage life over that with normal icing has 
been claimed for halibut and salmon (6) but not for cod and 
haddock (i?). 

By use of ice made from sea water, lower temperatures arc 
achieved (although partial freezing is liable to occur) (7-10). 
It is claimed that selachian fish have a lower freezing point than 
teleosts, and lienee do not freeze in sea water ice (10). In spite of 
partial freezing, no differences could be detected after cooking 
between the flavours and textures of fish kept in sea water ice or 
in fresh water ice (7, ,V). 

Work on the chemical composition of fish has been reviewed 
recently (11), and chemical changes occurring during storage in ia 
have been described 

For the objective assessment of quality of fresh fish, estimation 
of trimethylaminr, total volatile bases and volatile reducing sub- 
stances are still the most satisfactory tests (/3). It lias been 
claimed, however, that accumulation of ammonia is a better index 
of spoilage than trimethvlamine (14). Other tests suggested include 
accumulation of indole [14} , measurement of refractive index ot 
the eye fluid {/•>). measurement of succinic acid dehydrogenase 
activity (10), and reduction of tetrazolium salts either by tissue 
suspensions (17), or by the bacteria on the skin (M). Trials with 
this last technique have shown that it is less reliable an index of 
spoilage than the trimethvlamine value {?). 

A correlation between pH and spoilage has been found for 
oysters (19) \ and measurement of rate of acid production from 
carbohydrate or rate of reduction of methylene blue is claimed to 
give an accurate assessment of the bacterial load ('JO), Some work 
has also been reported on the spoilage of squid ( 21) and shark 
meat (22). 

The preservation of fish bv use of additive> was fullv reviewed 

recently (2d). 

Freezing and cold storage of fish 

A difficulty in investigating the effect of different cold storage 
treatments has bu n the lack of a really satisfactory method «>t 
measuring the deteriorative changes that occur in the muscle, the 
most common method being d* -termination of tin* solubility of the 
muscle in 5% sodium chloride, which decreases during cold storage. 
Recent papers have confirmed that there is some correlation with 
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taste panel scores (24). it is claimed that protein solubility is 
altered by the tissue salts, which are concentrated by freezing and 
remain in liquid solution at comparatively low temperatures (25), 
biit the rate of deterioration at a given temperature differs widely 
among various species (26). This method is tedious and is subject 
to errors of at least 8% (27), while the results are further affected 
by the nutritional state and sexual maturity of the fish (28). There 
is also evidence that under certain conditions the taste panel 
rating may slowly fall, while no change is apparent in the protein 
solubility (29). Other properties of fish protein which have been 
studied in this connexion have been viscosity (30) and the com- 
bining ability with dyestuffs (31), but the usefulness of these 
properties has not yet been fully explored. It has been established 
that the difference between the amount of free sulphydr 5 'l groups 
and sulphydryl groups after addition of a protein denaturant 
(‘masked sulphydryl’) is useless as a measure of cold-storage change 
(32). A new method has been described (33a) which depends on 
differences in the fragility of the individual muscle cells when they 
are subjected to homogenisation. Results show less error than do 
protein solubility measurements (33b), and a good correlation with 
storage time*. The method is rapid, and is probably the most 
promising technique so far described. 

Studies of the effect of post mortem changes on fish subsequently 
frozen have shown that in fresh water fish (34) and cod (35) the 
size of ice crystals at a given freezing speed depends on the physio- 
logical state of the fish — if the fish is frozen before rigor mortis the 
ice crystals are much smaller than in fish frozen later. Nikkila & 
Linko found (36) that Baltic herring frozen before rigor mortis 
deteriorated much more quickly in the cold store than those frozen 
after, but other workers have not found any great differences 
between fish frozen in different stages of rigor (26, 37). 


Salting 

Comparatively little work has been reported on salting of fish 
over tlit' last few years, although a selected bibliography of salt cod 
was published in lUo7 (<36'). 

Measurement of total volatile bases in pit cured fish (39a) and 
pickled fish (39b) gives a better index of spoilage than do trimethyl- 
aniine values. Changes in protein (40) and fats (41) and prevention 
of bacterial and mould spoilage during salting have been investi- 
gated (42). The ropy’ condition occurring in brines containing 
sugars is ascribed to Icvan production by certain bacteria (-^3) and 
the types of bacteria present on spoiling herring preserves have 
been investigated (42). Changes in the salt concentration of the 
medium can appreciably alter the biochemical activities of halo- 
Philic bacteria (44). 
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Methods for determination of salt concentration of fish muscle 
(45a) and acetic acid concentration of marinades (45A) have been 
described. 

Smoking 

Advances in knowledge of the smoke-curing process were re- 
ported at two international conferences held in Gdansk, Poland; 
summaries of the first have already appeared (46) and proceedings 
of the second should be published shortly. Useful surveys of smoke 
curing have also been published (^7). 

Electrostatic smoking methods have been developed in many 
countries. These are of two types, in one of which smoke particles 
are charged and accelerated towards the target in the same 
electrical field (48) and a space charge system (49) in which charged 
particles deposit on fish under the influence of mutual repulsion 
forces. Electrostatically smoked fish are reported to differ in flavour 
and keeping quality from normally smoked fish (50, 5 la) and the 
expected large increase in smoking rate has not been realised 
(50, 51b). The differences are explained by the discovery (51c, d , 52) 
that smoke vapours and smoke particles have different chemical 
compositions and that the normal smoking process is one of vapour 
absorption, deposition of particles contributing a maximum of u u (l 
to the deposit of smoke on fish. There is, however, an equilibrium 
between the concentration of smoke constituents in the vapour 
phase and the concentration of smoke particles (51c), and optical 
density measurements therefore provide a useful, if indirect index 
of the rate of smoking (55a). Details of a recording smoko density 
meter (54) and of an ingenious integrating instrument, measuring 
smoke density x time (-5o), have been published. 

Continuous operating smoke producers are being developed. 
Some of these (*56) are essentially mechanised devices for producing 
smoke by the traditional method of burning sawdust, but a novel 
type of generator, the ‘fluidiser’ (57), produces smoke by thermal 
degradation of wood, without actual combustion, in a controlled 
blast of hot air. Various types of ‘friction generators' (58) appear 
to be gaining acceptance in the fish smoking trades in Europe and 
America. Each of these generators is claimed to give acceptably 
flavoured smoke products, although flavours are distinguishable 
from those of traditionally smoked fish (59). 

Smoke ‘dips’ have been developed in at least three countries 
(60a). Although it is claimed that traditional smoking is physically 
related to a dipping process (61), that the dip is free from carcino- 
genic substances and that production costs of smoking by dipping 
are low (60b), the legality of this process of flavouring does not 
appear to have been tested. 

Investigations of the chemistry and of the properties of wood 
smoke are proceeding. Phenols are reported to be the most ini- 
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portant bactericides (63b, 61-63) and antioxidants (51d), but in- 
sufficient information on the nature of the odorous and flavouring 
components of smoke is available. 

Drying 

Over the past few years the vacuum freeze-drying process has 
received much attention. The use of expanded metal plates (64) 
and microwave energy (66) during removal of bound water have 
speeded up the process without any loss of flavour or nutritive 
value (66a). A successful process of freeze-drying without a vacuum 
(66) and commercial production (67) of minced fish dried in warm 
air have been discussed. 

Storage tests on pre-cooked, vacuum freeze-dried nitrogen- 
packed cod fillets showed that at 0° and 18° there was no difference 
in quality and they were still acceptable after 18 months, whereas 
at 37° they were unacceptable after 1 month. Similar results were 
obtained with raw fillets (66). 

Recovery of moisture on reconstitution of vacuum freeze-dried 
fish is 100%, whereas recovery by fish dried in warm air is much 
less (69). Other factors affecting the recovery of moisture by dried 
fish include fat content and treatment prior to drying with anti- 
oxidants and sodium citrate or phosphate (70). 

The translocation of potassium ions during the drying of muscle 
cells is thought to be an important factor concerned with toughness 
due to denaturation of the protein (71). Some fundamental work 
on the ‘browning’ of dried fish has been reported (68a, 72), and its 
prevention is possible by reduction of the moisture content to less 
than 1%, elimination of carbohydrates or treatment with sulphite 
(73). 

Fish canning 

In the period under review (1955 60) steady rather than spec- 
tacular progress has been maintained. 

The possible uses of tetracycline antibiotics in extending the 
storage life and improving the quality of fish for canning have been 
studied (74) with moderate success. Virtually none of the anti- 
biotic survives heat processing (76). Contributions have been made 
to the general bacteriology of canned fish (70) and the cause of 
tnushiness in South African pilchards explained (77). 

Maillard-tvpe reactions have been shown to be important in the 
browning of crab (7#) and white fish (79). The nature of the off- 
colour in pre-cooked tuna has been related to changes in the muscle 
pigments (80) and a method has been suggested for detecting, 
before cooking, this tendency to discolour (#J). Sulphide staining 
in tuna cans is due to the formation of iron sulphide, the critical 
factor being the presence of ferrous ions in the can during proces- 
sing (82). 
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Rancidity and other problems connected with the canning of 
frozen salmon have received considerable attention from Tanikawa 
and his colleagues (55). The suppression of curd (54) and the 
development of a spectrophotometric method for predicting the 
colour of canned salmon from that of the raw fish (55) have been 
investigated. 

A 'low-temperature' boiling of crabs, designed to lessen the 
incidence of blueing of the flesh during subsequent processing, has 
been introduced in Japan (56’) and has led to problems which have 
been studied along with others relating to crab flesh (57). 

The best conditions for the chill and cold-storage of fatty fish 
prior to canning have been investigated (55). The more widespread 
use of cold-storage should go far to alleviate supply difficulties 
arising from seasonal variations in catches. 

Various methods have been described for pro-cooking Moroccan 
sardines (5.9), similar studies having been done on Portuguese 
sardines (90) and South African pilchards (9i). Certain additives 
have been used for reducing the aqueous liquor in canned herring 
(921 

The suppression of struvite formation has received much atten- 
tion from Japanese workers, especially with regard to crab and 
salmon (95). Sodium hexametaphosphate was partly successful 
but could not be used in the necessary concentration due to un- 
desirable side effects. Similar results were observed with crav-fish 
(94). 

Methods for measuring the freshness of fish before canning bv 
examination of the canned material are still sought (95), the use of 
volatile reducing substances showing some promise (96). The con- 
dition of sardines can be assessed by following the breakdown of 
the belly- wall (97). 

Fish meal 

This subject was last reviewed in 1955 and the present account 
is necessarily restricted to a few aspects of the industrv in which 
applied chemistry is involved. 

Chemical preservation of the raw material is generally subject 
to less stringent regulations than those which apply to products 
intended for human food, both sodium nitrite and formaldehyde 
being fairly widely used, even if sometimes without formal official 
approval. A report on British experiments (95) reviews many 
developments elsewhere ; in addition Russian tests with nitrite (99) 
and East German tests with chlorinated water (1 00) may be noted. 

Preservatives also permit control of autolysis in the manufacture 
of fish ‘ensilages’, where nitrite may be suitable if the product is 
later dried and much of the nitrite incidentally destroyed (191). 
Liquid ensilages usually relv on a low pH. sometimes assisted by 
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organic agents, e.g., molasses. The proteolytic enzymes may be 
those of the fish itself, or specially added. Denmark has always led 
in this field (102) but there is considerable recent interest in East 
Germany (103) and elsewhere (104). 

Oxidation of oil in bulk stocks of freshly-prepared fish meal may 
lead to overheating and spontaneous combustion (105), and is a 
more serious problem with species of fish in which the oil is par- 
ticularly unsaturated, e.g., the American menhaden and the South 
African sardine. Not surprisingly, therefore, the U.S.A. and 
South Africa have been in the forefront of research and industrial 
development aimed at preventing undue temperature rises in 
stocks of meal. The Americans have pioneered the use of anti- 
oxidants, which were introduced into the menhaden industry in 
1955/55 (106). After DPPD (diphenyl-/>-pheny]enediamine) had 
been dropped as being too toxic (107), BHT (2,6-di-t-butvl-4- 
methylphenol) came into general use and eliminated the need for 
a lengthy 'curing’ process (108). Various antioxidants have been 
tested (109) and ‘Santoquin’ (2, 2,4-trimethyl-6-cthoxy-l, 2-di- 
hydroquinoline) seems to be the most effective (109-110). The 
South Africans have concentrated rather on an adequate curing 
process and are not convinced that oil oxidation is the only, or even 
the main, source of heat (lit)- It has elsewhere been claimed (112) 
that an accelerated, but controlled, curing process is advantageous. 

More-or-less tasteless and odourless fish meal (fish flour) is often 
advocated for supplementing protein-deficient human diets (113), 
surprisingly even within the U.S.A. and Canada (114). Its prepara- 
tion always involves solvent extraction, usually with ethanol (Ho), 
although other solvents are sometimes used, either alone or in com- 
bination with ethanol, e.g., petroleum, isopropanol, ethyl acetate 
and acetone, or in combined azeotropic drying and oil extraction, 
e.g., ethylene dichloride. Various pilot schemes, sponsored by inter- 
national or national government agencies (116), have so far failed 
to lead to full-scale commercial developments. 

The work described in this paper was carried out as part of the 
programme of the Pood Investigation Organisation of the Depart- 
ment of Scientific and Industrial Research. 

(Crown Copyright Reserved) 
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Barley and malting 

The estimation of nitrogen-content in barley, perennially urgent 
at harvest time, is accelerated by directly distilling off ammonia 
from mixtures of the barley grist and aqueous sodium hydroxide (2) 
or by extracting with the latter solvent and estimating the 
extracted protein with sulphosalicylic acid ( 2 ). Loosening the husks 
with hot sodium hypochlorite offers a useful new way of estimating 
husk content (3). 

Uniform and prompt germination being essential in making good 
malt, the phenomena of dormancy and water-sensitivity are of 
practical importance (&). Light may affect germination: partially 
dormant barley germinates best in the dark (i). The gradual 
elimination of dormancy during storage may reflect accumulation 
of acidic compounds able to stimulate germination in dormant 
barley (5). These substances are not gibberellins and they do not 
affect water-sensitivity, which, however, is found to be induced by 
coumarin (5) and reduced by treatment with calcium chloride or 
ammonium bifluoride (7). The hypothesis, advanced to explain the 
properties of water-sensitive barley (#), that the outer layers of the 
grain, and particularly the pericarp, interfere with the access of 
oxygen to the embryo has been supported by direct evidence (9). 
In German barlcvs the incidence of watcr-scnsitivitv and of full 
dormancy were parallel (10), but in a wide range of Australian 
barleys w r ater-sensitivitv was not observed (22). However, the rates 
of germination of the latter were used to establish a ‘germination 
index* in which varieties useful for malting have medium values 
(22). A preliminary survey of the usefulness of this index in breed- 
ing new varieties w’as made (12). 

Widespread interest continues to be shown in devising new ways 
of malting barley, the aim being to reduce the time taken and the 
losses incurred in converting barley into malt. In one such method, 



520 REPORTS ON THE PROGRESS OV APPLIED CHEMISTRY 


in which barley is steeped for a short time, germinated for 3 days, 
again steeped and Left in air for a further 3 days (13), the desired 
effects are obtained through inhibition of growth during and after 
the second steeping while the high eventual moisture content of the 
endosperm promotes rapid modification. In other methods, gib- 
berellic acid plays a central part (14). The substance, applied to 
barley during or soon after steeping, substantially accelerates 
malting, treatments at the rate of 0-25-1-0 p.p.m. of the grain 
securing the most useful results. Claims for useful effects from still 
lower concentrations (e.g., 0*05 p.p.m.) must be scrutinised with 
care, for there may be an unbalance in the processes of modification 
whereby the rate of proteolysis is accelerated but carbohydrate 
modification unaffected. Although there is always a tendency for 
proteolysis to be especially rapid when gibbereliic acid is used, this 
can be controlled by the simultaneous use of potassium bromate 
fid). 2,4-Dichlorophenoxyacetic acid (2,1-1)) usefully restricts 
growth and, when used with gibberellin, yields malts of good 
analysis (16), although derived beers have unacceptable flavours 
and there is a difference of opinion as to whether diastatic activity 
is increased or decreased by 2,4-1) (36, 17), The real function of 
gibbereliic acid applied in malting is not yet fully understood. The 
compound itself occurs in barley partly free and partly in a bound 
form from which it is released as germination occurs (/<$’). In sterile 
endosperms from which the embrvos have been removed gib- 
bereliic acid induces the formation of amylase (10) and it seems 
likely that it is in fact the substance, having the same powers, 
which has been shown to be secreted bv the germinating embryo 
( 20 ). 

Ways of predicting the ease with which barley can be malted 
continue to attract attention. A ‘steeping index’, based on the rate 
at which the grain absorbs water, gave initially very favourable 
results (21). Both the sclerometer and the Brabender hardness 
tester give useful indications of friability in malt (22, 23), sclcro- 
meter values being related to fine-coarse grind extract differences 
and to the Hartong index but not so well to the Kolbach index (23). 

The anthocyanogens of barley —closely involved in haze forma- 
tion in bottled beers- -scarcely vary in amount during ordinary 
malting, although green malt contains enzymes capable of destroy- 
ing these polyphenols oxidatively. In grain from which the husks 
and pericarp have been removed, the anthocyanogens are leached 
out during steeping and, as oxygen can penetrate in this case, the 
residual anthocyanogens within the grain are later destroyed 
enzymically (9). 

Hops 

Although excellent methods are available for estimating the 
bitter acids of hops both jointly (24, 26) and severally {26) and 



GENERAL MICROBIOLOGICAL PROCESSES 


521 


information is accumulating about the role of hop oil in beer 
flavour, the main mode of appraisal of hops is still evaluation by 
eye (27). Perhaps this is because certainty is lacking with regard 
to the nature of the compounds present in beer which are derived 
from hops and because of the fact that although the a-acids 
account for 85% of the bittering power of fresh hops, they arc 
destroyed much more rapidly than bittering power during storage 
(2d). It is suggested that empirically useful estimates of the 
bittering power of hops can be made by estimating the a-acid 
content at picking, adjusting for cohumulone content (which yields 
more bitterness than humulone or adhumulone) and reducing the 
value by 7-10% for each year of cold storage (28). However, the 
possibility of controlling hop picking by analysis still seems remote 
because of the gross variations observed between the a-acid con- 
tents of cones from individual plants (29). 

The hulupones, a new group of hop bitter substances, are repre- 
sented by structure I (30). The formally obvious relationship with 
lupulone is supported bv the preparation of tetrahydrocohulupone 
from hexahydrocolupulone by aerial oxidation and thermal de- 
composition of the resultant peroxide (31). The peroxide yields, on 
hvdrogenation, a compound formulated as hexahydrocolupulinone 
(II) which can also be transformed into tetrahydrocohulupone (32). 
Doubtless reactions like these occur during the ordinary storage of 
hops. Humulinone, the product obtained by peroxide oxidation of 
humulone, has been shown to be III rather than IV (27). The 
structure of xanthohumol has been revised to V (33). 



The inefficient utilisation of hops in ordinary brewing, which is 
not due to insolubilitv of the isohumulones (31) and which can be 
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improved by use of ultrasonic irradiation (35) , continues to lead to 
new ways of making suitable hop extracts. In particular a method 
in which ion-exchange resins are used to adsorb, separate and 
isomerise the a-acids is promising (36). 

It is generally accepted that hop oil constituents have an 
important effect on beer flavour and threshold flavour limits for 
several oil fractions have been determined (37), but actual con- 
stituents have only recently been shown to occur in beer. Those are 
caryophvllene. humulene, isocaryophyllene, farnesene, myrcene 
and 2-undecanone (33). Ocimene has been identified chromato- 
graphically in hop oil (3.9). 

Brewing processes 

An integrated continuous pilot-scale brewery providing for 
mashing, hop boiling and fermentation has been described (40): 
it incorporates the rotary mash-tun discussed in an earlier report 
(41). The resulting stream of sweet wort is boiled and passed in 
countercurrent fashion through a moving bed of hops formed on 
an endless perforate belt, after which the hopped wort passes to 
receiving vessels and thence is fed continuously to two enclosed 
stirred fermentors which can be used singly or in series. The 
resulting mixture of beer and yeast next flows through a cooled, 
divided vessel in which the yeast sediments out and from which 
the beer flows to be collected. In newly described continuous 
mashing plant, conversion of mash is made in a series of compart- 
ments held at different temperatures, the detailed conditions 
applied at this time determining the composition of the eventual 
wort (42). Following this, separation is achieved on vibrating 
screens, in settling tanks and by centrifugation. 

Because the rate of fermentation depends upon the concentration 
of yeast in the fermenting liquid, control of this factor is important 
in continuous operation. Three main methods are now described 
for achieving yeast concentrations above the equilibrium level: 
(1) the effluent yeast may be collected and part of it returned lo 
the fermentor (-/3) : (2) growth may be brought about in an aerobic 
phase to give a controlled amount of yeast which then passes 
forward with the wort to anaerobic fermentors (44 ) ; (3) ust* may be 
made of the flocculative characteristics of yeast to cause it to settle 
back into the fermentor when the mixture of beer and yeast pass 
through an unagitated zone before they escape* ( 40 ). Infection with 
unwanted micro-organisms is potentially more dangerous in con- 
tinuous than in batch fermentations; in this respect single-vessel 
systems are shown to be safer than those where several vessels are 
used in series (46). 

Yeast 

Storing yeasts in the freeze-dry condition enables cultures to be 
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maintained for long periods (47), although changes take place in 
dried yeast which lead to the rapid excretion of enzymes when the 
yeast is again wetted, and to diminution of fermentative activity 
(48). Storage at — 205° is said to permit long keeping of bulk 
compressed yeast without deterioration (49). In a study of the 
bacterial contamination of pitching yeasts observations were made 
which suggested that one of the yeasts used produced an antibiotic 
against beer bacteria (50). 

Respiratory-deficient yeasts are potentially interesting in brew- 
ing because of their relatively economical production of alcohol. 
Mutation to deficient respiration occurs naturally faster at either 
relatively high or low temperatures than at medium temperatures 
(51, 52) and is induced by ultra-violet irradiation (53) or by allyl- 
glycinc, the last effect being suppressed in the presence of cysteine 
(54). Less completely deficient respiration is shown by Sciccharo- 
rnyces carlsberguisis growing aerobically in presence of glucose, 
ethanol or acetate, although ability to respire these substrates is 
acquired inductively during cultivation on them. The block is 
located in succinic dehydrogenase (55). A related degenerative 
and reversible loss of fermentative ability occurs in stationary 
yeast cultures in the presence of glucose (56). Many of the enzymic 
activities of yeasts are inducible or repressible by suitable tech- 
niques and it has been predicted that such methods will be 
adapted to serve applied microbiology extensively (57). In brewing, 
the mechanisms by which maltose and maltotriose are taken into 
the yeast cell are enzvmic, the relevant permeases being formed 
inductively in response to the substrates. The activity of the 
relevant permeases is probably a limiting factor in the rate of 
utilisation of these sugars (58). In a fuller understanding of these 
and related matters more knowledge is needed of the ways in which 
enzyme synthesis is induced or repressed (59) and of the general 
mode of protein synthesis in yeast. 

A newly recognised group of peptide nucleotide complexes, in 
which a phosphoanhvdride link is formed with the carboxyl group 
of the peptide, arc considered to function intermediately in protein 
synthesis (60a). Among the numerous substances of this type 
shown to be present in yeast (60a), arginylalanylarginylalanyl-5'- 
uridylate (60b) and alanyl-(3'-i'5-adenylyl])-5 , -uridylatc have been 
identified (6’/). while in further members of the group other 
nucleotides (61) or dinucleotides (60b) are united with other 
peptides (6*2). Adenine and uracil absorbed into yeast pass via such 
compounds through a series of nucleotides of gradually increasing 
complexity (65). The pcptidvl nucleotidates in growing yeast in- 
crease markedly both when logarithmic growth is initiated and 
when tlie rate of growth decreases (60a). Variations of these com- 
pounds in synchronously dividing yeast cell populations have not 
been reported, hut during budding the deoxyribonucleic acid is 
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rapidly doubled and thereafter remains constant until the next 
period of budding. The ribonucleic acid content, however, increases 
steadily during the growth of buds and ceases at cleavage, a similar 
cycle being reproduced at the next budding (55). 

Beer 

Recognition of the role of certain anthocyanogcns in beer hazes 
has led to further study of the properties of beers filtered through 
nylon powder to remove these compounds {64a), and it is recognised 
that such treatment may usefully shorten the laboring time (5*5). 
Numerous other polymeric, amides will also adsorb anthocyanogcns 
from beer (55). An alcohol- soluble protein of beer has been recog- 
nised as the main protein component of haze, while another protein 
fraction from beer induces stability against development of haze 

m 

Apart from its accelerating influence on th<- formation of hazes 
in beer, oxygen may mar beer flavour. Certain beers contain natural 
antioxidants which stabilise them to some extent in this respect 
(55b but for others stabilisation with added ascorbic acid (5.9), 
adenine (75) or 3,4,5-trihvdroxvbutyrophenone {71) have been 
considered. 

New techniques are allowing gradual progress to be made in 
defining beer flavour (72). Gas chromatography readily reveals in 
beer the presence of acetaldehyde, acetone, ethyl acetate, ethyl 
formate, methyl acetate, methanol, 2-propanol, 2-methyl-l- 
propanol (a), 2-mctliyl-l -butanol (h), 3-metliyl-l -butanol (r), 
1-pentanol and phenylethvl alcohol {4) {2$, 7 3<i~c). Of these, 
(a), (b), (c) and (rf) are produced during fermentation from the 
homologous amino-acids (75c), while (b) is also formed from 
threonine and 2-aminobutvric acid (74) and 2-propanol is believed 
to be derived from 2-oxobutyric (z-ketobutyric) acid (75) 
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NON-MEDICAL USES OF ANTIBIOTICS (J. Vernon, 
B.Sc., Ph.D.) 

Pfizer Ltd., Sandwich, Kent 

Although non-medical uses of antibiotics have not previously 
been covered in these Reports, it is proposed to review develop- 
ments during the past 12-18 months only. Details of the discovery 
of non-medical uses and previous progress can be found in ninny 
excellent reviews [l-fi). 

The three antibiotics, chlortetracycline, oxytetracycline and 
penicillin, have continued to be the most used in animal feeding. 
Bacitracin and streptomycin are less frequently used, but more 
often in combination with one of the other three. Other growth- 
promoting antibiotics include erythromycin, gramicidin, neo- 
mycin, oleandomycin, spiramycin and tyrothricin. 
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Nutritional uses 

(a) Chickens 

The effects on rate of liveweight gain and efficiency of feed 
conversion of the three most-used antibiotics have been studied in 
countries where previously only a very limited amount of investi- 
gational work had been conducted (7-9). In addition, there have 
been reports of work with oleandomycin confirming earlier findings 
of its efficacy at very low levels, 1- 2 g./ton of feed ( 10 ; 11). 

It has been suggested that antibiotics are no longer affording 
responses in terms of improved rate of livewcight gain comparable 
with those recorded when they were first introduced. Evidence has 
appeared which suggests that this is not the case (12-14). Heth & 
bird (14) have summarised the results of 61 trials with penicillin 
over a period of 9 years and showed that responses did not diminish 
over this period. Results with chlortetracycline and oxytetracycline 
were, if anything, slightly better than those given by penicillin, in 
that only 6 out of 49 trials failed to give a response over a similar 
period. 

Antibiotics have been implicated in the haemorrhagic condition 
in poultry which is responsible for the down-grading of a large 
number of table birds in the U.S.A. Dempsey 4t Sandford (15) have 
recently presented data suggesting that various antibiotic sup- 
plements can cause significant increases in haemorrhage and that 
there is an interaction between antibiotic and diet. Crystalline 
forms of antibiotics were shown to cause significantly less haemor- 
rhages than crude feed-grade preparations, but the effects were not 
consistent and obviously further work is necessary. 

Conflicting results are available concerning the liveweight gain- 
promoting effect of inactivated penicillin preparations. The latter 
have been further investigated by Coates cS: Harrison (16) under 
conditions where a response to penicillin is regularly obtained. 
Penicillin improved rate of liveweight gain but (/-penicillamine had 
no effect. Stephenson Robertson (17), however, who had pre- 
viously reported (16) that penicillamine was effective in promoting 
growth when injected but not when given orally, have shown that 
oral penicillamine is destroyed or bound in the proventriculus, so 
that it might not be available to the bird further down the gut. 
Excretion of parentcrally-administured material into the lower 
part of the intestine could occur, however, and this may account 
for the difference in results. 

The supplementation with enzyme preparations of broiler diets 
containing a high percentage of barley, and the use of water-treated 
barley, have attracted a considerable amount of attention. It has 
recently been suggested (19), however, that the superiority of 
water-treated barley over barley plus enzyme supplements was due 
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to the presence of an effective antibiotic in the water-treated 
material. 

(b) Turkeys 

Waibel et al. (20) suggest that the response to antibiotics in 
turkey diets may depend upon the period for which antibiotics 
have been in use in a particular environment. Penicillin, which had 
been used continuously over a number of years in their facilities, 
gave smaller responses than other antibiotics which had not been 
in continuous use. 

(c) Layers 

The continuous feeding of antibiotics to laying hens has con- 
tinued to give variable results as judged by effects on egg produc- 
tion and feed conversion efficiency. The magnitude of the response 
generally appears to vary according to environmental conditions 
(21) and level of production of control birds receiving no antibiotic 
(22, 23). Rosen et al. (24) reported earlier this year the results of an 
experiment with individually recorded laying hens, which formed 
part of a multi-centre investigation in which a significant relation- 
ship was observed between the level of egg production of the 
control birds and the response to oxy tetracycline at 25 g./ton of 
feed on a flock basis. With the individually recorded birds, however, 
it was possible to show that, within a low-producing flock, the 
birds that responded were not the lowest producers, but those of 
medium-range production. 

Two interesting reports have also been issued (&5) of experi- 
ments in which the effects of an antibiotic in the diet were com- 
pared with those of an equivalent level of antibiotic given in the 
drinking water. It would appear tiiat the two methods are equally 
effective as measured bv improvement in egg production. 

fcl) Pi°s 

As with chickens, there has been a continuation of studies 
demonstrating the effects of various antibiotics on rate of live- 
weight gain and efficiency of feed conversion. Work with newer 
antibiotics such as spiramycin (26) has shown these to be effective 
for pigs. It has also been confirmed (27) that antibiotics are without 
effect on carcass quality. Furthermore, it has been shown (28) that 
antibiotics have no significant effect on sexual functioning when 
fed continuously during rearing stages. 

Copper sulphate at a level of 0T% of the diet can improve the 
rate of liveweight gain of growing/fattening pigs to a similar extent 
as antibiotics (29a, h). Conflicting data are available, however, 
concerning the interaction between these supplements (29a, c). 
Additive effects have been reported (29c), but as yet, the circum- 
stances under which these occur have not been defined. Environ- 
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ment has been shown to affect the response to both supplements 
when they are fed alone (30). 

(e) Lambs 

The use of antibiotics in lamb feeds has been extended to include 
oleandomycin (31) which improves the rate of liveweight gain. 
Antibiotic injections, or implants, are without effect {32). 

(/) Calves 

The liveweight gain-promoting properties of antibiotics for 
calves have been further confirmed [33). 

(g) Dairy cows 

While the feeding of antibiotics to pigs, poultry and calves has 
been widely accepted, their feeding to lactating ruminants has not. 
Early reports on the feeding of the broad-spectrum antibiotics to 
dairy cows were somewhat contradictory (34). Furthermore, it is 
known that the presence of antibiotics in milk will render it useless 
for cheese making and therefore there have been doubts about the 
practicability of feeding antibiotics to lactating animals in case of 
carry-over into the milk. During the period under review, further 
conflicting data have appeared showing no response (35) and 
responses (36) in terms of increased milk yield from the continuous 
feeding of antibiotic. These last references are to large-scale field 
investigations that have been conducted with chlortetracycline at 
<)T mg./Ib. liveweight, day (36V?) and oxytetracyclinc at 75 mg./ 
head/dav (36*6) and in which satisfactory economic returns have 
been obtained from antibiotic supplementation. The results of these 
investigations justifies further extension of this work. 

(h) Beef cattle 

Progress in this particular field has been confined to demon- 
strating that the effect of antibiotics in promoting liveweight gain 
is maintained in the presence of other additives such as hormones 
and tranquillisers (37). 


Mode of action of antibiotics in improvement of liveweight 

gain 

Various theories have been put forward to account for the mode 
of action of antibiotics in improving the rate of liveweight gain of 
farm animals. These have included hypotheses on the effects upon 
the gut flora and also on the absorption of certain essential 
nutrients. In connexion with the latter effect, further reports have 
appeared showing that oral antibiotic reduces the requirement of 
the turkey poult for potassium (38), and that calcium and mag- 
nesium absorption are improved in the rat (30). 
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It was observed, during a clinical study of the effect of various 
dietary fats on serum lipids of a group of patients with athero- 
sclerosis, that the oral administration of neomycin to a patient was 
associated with a significant fall in serum cholesterol concentra- 
tion {40a), In a subsequent study with ten patients, a significant 
decrease in serum cholesterol was recorded in all cases with a daily 
intake of neomycin of 1 *5-2*0 g./head. Later it was shown that 
intra-muscular administration of neomycin had no effect, although 
oral administration again reduced levels in all cases {40b). No 
significant changes occurred with oral bacitracin, novobiocin or 
polymixin-B sulphate. On the other hand (41) t prolonged adminis- 
tration of neomycin to cholesterol-fed rabbits resulted in an 
elevation of serum lipids and more severe aortic atherosclerosis and 
visceral lipoidosis than in untreated cholesterol-fed controls. As 
intramuscular injections of neomycin did not give similar result*, 
it is suggested that the effect is due to increased absorption of 
cholesterol when the antibiotic is given in the diet. Oral neomycin 
with non-cholesterol-containing diets did not affect serum chol- 
esterol levels in this species. This species difference sounds a 
warning note that, species-wise, generalisations should be avoided 
for antibiotic effects. 

Work with germ-free animals has been extended to include 
studies with penicillin in the diet of chicken whose gut lias been 
intentionally populated with certain bacteria ( Tin* results lend 
support to the theory that Clostridium H'clchii is one factor in the 
‘growth-depressing infection' that is counteracted by dietary 
penicillin. Of the organisms that were introduced into the gut of 
germ-free animals, onlv Clostridium uelchii type A caused ;i 
depression of live-weight gain compared with that of controls. 
Penicillin counteracted this effect. 

It has also been suggested {43) that antibiotics have their eftect 
on the physiology of bacteria rather than on the numbers or types 
of intestinal forms and that, as a consequence of antibiotic feeding, 
the organisms are rendered more susceptible to natural body 
defence mechanisms, i.»*. phagocytosis. These studies have bmi 
extended to the dairy calf {44). Comparisons have been made of tin 
effects of age, colostrum and ciilortetracycline feeding on the 
susceptibility of intestinal coliform bacteria to phagocytosis. 
Bacteria isolated from the faeces of chlortetracycline fed calves 
were more susceptible to phagocytosis than bacteria from un- 
supplemented animals. The phagocytic index for antibiotic-fed 
calves increased faster and reached a maximum at an earlier ag<* 
than with calves fed no antibiotic. 

Additional evidence to support the theory that antibiotics have 
their effect within the gastrointestinal tract has been presented by 
Juwsey et at. (40). Similar results were obtained in turkeys fed low 
levels of penicillin or given large intrapcritoneal injections. fh<* 
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large injections gave the same level of penicillin activity in the gut 
as did the low level in the feed. 

Antibiotic potentiation 

While the potentiation of blood levels of orally-administered 
antibiotics is aimed primarily at increasing their effectiveness for 
the treatment of disease, the levels of antibiotics studied have been 
lower than those normally used therapeutically. This particular 
field of antibiotic research has become particularly active during 
the past 12-18 months in agricultural spheres. Two methods have 
commonly been used for the enhancement of blood levels of anti- 
biotic, firstly the use of organic carboxylic acids, particularly 
terephthalic acid (46) t and secondly, the use of diets containing a 
very low calcium content. These two methods of potentiation have 
been shown to be complementary. Calcium appears to inhibit the 
absorption of antibiotics through the gut wall into the blood stream 
and terephthalic acid to increase the renal threshold, thereby 
reducing antibiotic urinary excretion (47). Parenterally adminis- 
tered salts of terephthalic acid have a similar potentiating effect 
to the orally administered acid (48). 

Ye i v high levels of chlortetracvcline, 600 and 800 g./ton, impart 
'A vellow tinge to egg shells which was intensified by addition of 
terephthalic acid (49). The discoloration was not observed in the 
shell membrane and oxytetracydine supplements did not produce 
similar effects. 

Antibiotic-resistant organisms 

It is well known that the feeding of an antibiotic is attended by 
changes in the sensitivity to that antibiotic of micro-organisms 
within the gut of the animal. Work by Garside d al. (5(9) with 
poultry indicates that resistant strains of Salmonella typhimuriiim 
had arisen from sensitive strains which had been introduced by 
oral inoculation. W hile no change in virulence or pathogenicity 
of the organism was associated with the changing resistance- 
sensitivity pattern, and while the inclusion of the antibiotic in the 
diet afforded some measure of protection against disease, as 
reflected by reduced mortality of infected birds, there was evidence 
of a large number of carriers occurring in the antibiotic-fed chicks. 
The significance of these findings is discussed. 

The proportion of antibiotic-resistant strains of Staphylococcus 
aureus isolated from the nose and skin of pigs, chickens and their 
attendants, has been shown to be higher as a result of antibiotic 
feeding (.5/). The widespread use of antibiotics in Great Britain, 
however, does not appear to have affected the seiisiti\it\ of 
Salmncllue in the general pig population (&?)• 

There continues to be some apprehension regarding the possible 
dsk of human infection from the emergence of resistant strains ot 
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potentially pathogenic organisms in animals. This has been dis- 
cussed in some detail with respect to Salmondlae , E. coli and 
Streptococci in a recent publication (53) which clearly indicates the 
value of and the need for more long-term studies in this connexion. 

Food preservation 

Further publications have confirmed that certain antibiotics 
under specified conditions can reduce significantly losses of poultry 
meat from bacterial spoilage (5-/). It lias also been shown that 
terephthalic acid and -or low-calcium diets in conjunction with 
antibiotic feeding can even further extend shelf life in poultry (55). 
Serum- and tissue-levels of antibiotic at slaughter were higher and 
shelf life was greater when the treatments had been given for only 
one day rather than eleven. 

In general, the improvements observed in the keeping quality 
of poultry have been greater under laboratory than commercial 
conditions, which may be associated with the development of 
resistant strains of bacteria in the latter (56). 

Plant disease 

Work with antibiotics in the field of plant disease has continued 
to make steady progress. 

Streptomycin is known to have no antifungal activity in vitro, 
but small quantities absorbed by roots of tomato and potato plants 
have shown marked antifungal effects in the foliage (5T). The in 
vim activity can be increased by mixing the antibiotic with water- 
insoluble copper fungicides (53). A streptomycin copper chelate 
(■5.9) has shown even greater antifungal protection in greenhouse 
tests against Phytophthora infest a ns, the activity of the preparation 
being approximately six times that of streptomycin sulphate and 
approximately three times that of a mixture containing equivalent 
amounts of streptomycin and copper. 

The development of antibiotic-resistant strains of phvtopalho 
genic bacteria has been repeatedly demonstrated in the laborutnn 
but has not yet been shown to create problems in practice. 'I hr 
recent report (6'0) of the emergence of antibiotic-resistant strains 
of Pseudomonas tabaci during field investigations in which several 
antibiotics were compared with copper fungicides for the control 
of wildfire Jind angular leaf spot of tobacco is therefore of sotiv 
interest. It is obvious that, as with animals, a closer study is neces- 
sary of the development of antibiotic resistance and its practical 
significance. 
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MICROBIOLOGY OF WATER AND SEWAGE (E. Windle 
Tavlor, M.A., M.D., D.P.H., and N. P. Burman, B.Sc., 
Ph*D.) 

Metropolitan Water Board 

Viruses 

An extensive survey bv the Public Health Laboratory Service [1] 
for the presence of polio virus in sewage covering 96 communities 
resulted in only three successful isolations. This low incidence 
contrasts markedly with results obtained by Kelly Sanderson 
(2), who found that 90% of the sewage samples examined contained 
enteroviruses. Treatment on trickling filters did not reduce the 
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frequency of isolation, and chlorination often, but not always, 
reduced the frequency and the concentration of particles deter- 
mined by a plaque technique. Additional methods of sterilisation 
are suggested as being preferable to increased chlorination of 
effluents in order to achieve viral sterility. Ryzhov & Shtannikov 
(<3) in Russia have shown that effective disinfection of water 
infected with poliomyelitis virus can be achieved in 30 min. with 
0*5-2* I mg. per litre of residual chlorine. The effect of water treat- 
ment processes on virus removal has been studied by Pascoe (4), 
who used bacteriophage. Coagulation with 60 mg. of ferric chloride 
per litre gave optimum removal at pH 6-5 when 99% of phage was 
removed. Sand filtration also removed the phage, probably by 
electrostatic adsorption. 

In an extensive survey of the literature, Clarke & Shih Lu Chang 
(5) assert that infectious hepatitis is still the only virus disease 
conclusively established as having been carried by water, although 
a few poliomyelitis outbreaks are suspect. 

Disinfection 

The viability of E. coli after exposure to chlorine will depend on 
the culture medium used for subsequent growth. Milbauer & 
Grossowicz (6a) achieved reactivation on rich nutrient agar, 
whereas growth failed on a minimal agar. Furthermore, they 
showed (6b) that cultures of E. coli grown on rich nutrient agar 
were much more resistant to the action of chlorine and were more 
easily reactivated than those grown on minimal agar. 

The sporicidal activity of free available chlorine towards Bacillus 
globigii and B . anthracts has been studied by Brazis et al. (7). 
Increase in pH, decrease in exposure time and decrease in tem- 
perature all increased the amount of chlorine required to achieve 
a 99*99% kill. The mechanism of the bactericidal action of chlorine 
has been attributed by Trakhtman (S) to inhibition of the earlier 
stages of carbohydrate metabolism as a result of experiments show- 
ing that chlorine at 40 mg. per litre inhibits the action of glucose 
(Ichydrasc by 90*8% and peroxidase by only 30%. 

The discovery of nematodes in a city water supply derived from 
the Ohio river has led Shih Lu Chang et al. (9) to report that 
pathogenic bacteria and viruses ingested bv these nematodes will 
be protected from the destructive action of free residual chlorine. 

Free bromine and monobroinamine have been studied as bac- 
tericidal agents by Johanesson (10) w r ith results similar to those for 
monochloramine, whereas iodine has been found to have some 
advantages as a sterilising agent for swimming pools (11). The 
desired residual of 0*2 mg. per litre could be maintained with a 
smaller dose of iodine than of chlorine and is unaffected by am- 
monia derived from the bathers. 
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Survival and antagonism 

The survival of Salmonella and Shigella in water and other 
substrates may be ascribed to limitation of nutrients or the 
presence of antagonistic factors. The conclusions of different 
workers seem to depend on the particular waters or other sub- 
strates studied. McKinney et al. (12) have shown that Salm. typki 
dies off very rapidly in high-rate sludge digesters and this has been 
attributed to competition for food, the essential factor limiting 
growth of Salm. lyphi being tryptophan (23). Antagonistic factors 
appeared to make no significant contribution. Dyadichev (14), 
studying the survival and multiplication of Salmonella and Shigella 
in tap water, also attributed inhibition to a lack of sufficient 
concentration of organic substances suitable for bacterial nutrition. 

Meyer (25), on the other hand, studying the survival of Salmonella 
in deep well water demonstrated the presence of a natural thermo- 
stable bactericidal agent, which could be absorbed on and eluted 
from ferric hydroxide. In sea-water destruction of Salm. lyphi and 
E. colt (16a) and of Shigella (16b) was fairly rapid (T-5 days) and 
was attributed to tliermolabile bactericidal factors other than 
bacteriophage. The bactericidal activity of sea-water has been 
attributed to antibiotic substances produced by planktonic marine 
algae. Allen A Dawson (17) extracted at least four different 
bactericidal substances from benthic tropical marine algae having 
a wide activity against Gram-positive but no activity against 
Gram-negative bacteria. 

Bathing places 

The results of a large-scale comprehensive study of 4<) bathing 
beaches by the Public Health Laboratory Service has been pub- 
lished during the year (IS). Salmonellae of Mi different species were 
found in small numbers in 40% of the samples of sea* water con- 
taining over 10,000 coliforms per lnu ml. but it was concluded that 
bathing in sewage-polluted sea-water carries only a negligible risk 
to health and that such a risk is probably associated with chance 
contact with intact aggregatesof faecal material. In a memorandum 
(19) based on this report, it is stated that disintegration of faecal 
masses might be desirable on health grounds as well as aesthetically 
where gross visible contamination of beaches is occurring, but no 
definite recommendation is made to this effect. 

Following the suggestion that bacteria tend to become concen- 
trated on the surface of swimming pools, Dick et al. (20) made an 
investigation of surface films collected by adsorption on alginate 
gauze lowered to the surface of the water for a few seconds. Hu* 
gauze was then dissolved in 10% sodium hexametaphosphute and 
the solution plated on a suitable agar medium. There was sonic 
degree of surface concentration but not to any considerable extent. 
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The predominant organisms, however, were from the upper res- 
piratory tract, often in clumps, and were resistant to chlorine. 

Salmonella 

Two unusual sources of Salmonella have recently been recorded; 
one a direct infection with Salm. newport from pet tortoises in 
Holland (21), and the other, pollution of the Dakar City water 
supply from a tank reservoir exposed to heavy contamination from 
lizards (22). 

There have been no outstanding advances in techniques for 
isolation of Salmonella but there have been the usual number of 
modifications of techniques and media. Robinson (23) has modified 
Moore’s sewage swab technique by using alginate pads and sub- 
sequently dissolving the alginate in 10% sodium hexametaphos- 
phate. Smith (24a) was unable to demonstrate any increase in 
selectivity by the addition of lactose to selenite broth, but mannitol 
could be an advantage depending on the associated organisms, with 
a further improvement on adding gentian violet. He also considered 
that the selective action of selenite broth may be due to the 
presence of selono-polythionates which act as growth-inhibitory 
analogues of highly preferred sulphur sources and related this to 
the importance of the peptone used (24b). Bloom et al. (25) found 
improved results with a Brilliant green selenite broth, and Rappa- 
port & Konforti (20) used a Malachite green-magnesium chloride 
enrichment medium. The magnesium was necessary to counteract 
llie toxic effect of the dve on Salmonella. The superiority of one 
medium over another appears to be a matter of opinion, but all 
workers are agreed that a combination of several media will give 
better results than anv one singly. 

The number of rapid differential tests for Salmonella is now 
legion and <*verv bacteriologist has his own favourite modification. 
Papadakis (2/j has introduced yet another dulcitol-sucrose- 
salicin -iron-urea agar, a one-tube multiple medium with different 
ingredients in butt and slope. A further modification of a similar 
medium bv Rappaport et al. (23) prevents deterioration by storage 
of the mixed ingredients dry and adding a self-sterilising urea- 
thiosulphatc solution before use. 

GoVdfarb K Ostrovskaia (29) investigated methods for detecting 
Salm. tv phi in water bv the increase in phage titre. With a highly 
specific Yi-phage, 10-20 Salm. typhi per litre were detected within 
20-22 hours’ incubation. Salm. typhi could be isolated from arti- 
ficially infected tap water up to 20 days but increase in phage titre 
could be detected up to 150 days. 

The coliform group 

Levin et al. (30) have made further advances with the rapid 
radioactive tracer technique for detection of coliform organisms. 
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Sodium 14 C-formate (0*01%) incorporated in Brilliant green lactose 
bile broth has been substituted for radioactive lactose. The filter 
membrane is placed in a planchet with the medium, the whole 
contained inside a wide-mouthed, screw-capped jar and incubated 
for 3 h. at 37‘\ A planchet containing saturated baryta water is 
placed alongside for a further 1 h. to absorb the evolved 14 C0 2 . 
This simple procedure replaces the previous elaborate continuous- 
flow gas-trapping device. 

There have been several comparisons of a variety of media for 
the presumptive coliform test (31), wflth particular reference to 
media containing Teepol or other surface-active agents as in- 
hibitory substances or to chemically defined media based on 
glutamic acid compared with MacConkey broth and lactose broth. 
There was close agreement between all media for the total numbers 
of coliform organisms isolated in 48 hours. N on-inhibitory media 
such as lactose broth produced the highest numbers of false 
positives. Glucose-glutamic acid media produced high numbers of 
false positives with some samples but not with others, depending 
probably on the frequency of glucose-fermenting organisms. 
Burman & Oliver’s lactose modification (31b) of glutamic acid 
recovered higher numbers of K. coli at the expense of other con- 
forms but growth was slow, especially of other coliforms. Gray’s 
modification, known as formate lactose glutamate, containing 
0-025% of sodium formate at pH 0-7, has largely overcome these 
drawbacks and further improvements are still under consideration 
I31d ). 

Hopton (32) showed that the onset of gas production bv a 
coliform culture was determined by the concentration of un- 
dissociated formic acid, but that a higher concentration was 
required to elicit response at 37° than at 30°. Gas was not produced 
on unbuffered medium at 37 ; because pH and formate concentra- 
tion became inhibitory before elaboration of hvdrogenylase com- 
menced. Formic hvdrogenvlase (MIL) is adaptive and readily 
inactivated and it is possible (33) to distinguish its activity in 
/•'. coli isolated from faeces and water, the amount being remarkably 
lower in the- latter. FHL activity declined on storage of faecal 
E. coli in water, the reduction being progressive. 

The interference of other organisms with the growth of E . colt 
in mixed cultures has been studied from time to time and various 
techniques have been suggested for limiting it. There was no 
significant interference from Achromnhacter, Micrococcus, Proteus 
and P$eudomo7ias but other coliform organisms did cause some 
retardation or inhibition of E. coli at 37°, although this was mucii 
less marked at 42" (.?■#). Burkhardt & Legler (3*5) found considerable 
interference from streptococci at 45* due mainly to reduction in 
pH. Dixon (36*) , working with pathogenic anti non-pathogemc 
strains of E. coli showed that mixed cultures of two or more strains 
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growing in non inhibitory media always tended to reach equality 
in numbers of all strains irrespective of the initial numbers present. 
I he inclusion of other organisms, however, often resulted in their 
domination of the mixed culture when incubated at 37° but most 
other organisms were suppressed at 44°. 

A combination of lactose fermentation and indole production 
at 44° has for some time been regarded as satisfactory presumptive 
evidence of the presence of E. coli in most parts of the world. 
Katugampola & Assim (37) have shown, however, that this is not 
true for Ceylon, as all coliform types isolated which gave indole at 
37 w also produced it at 44' J , and these formed 8% of the total 
colonies fermenting lactose at 44°. To test the suitability of culture 
media for indole production at 14 3 , Windle Taylor (38) reports that 
E. coli cultures were selected which produced weak or negative 
indole results in 6 hours and positive results in 24 hours. The most 
suitable peptone of the five tested was Oxoid tryptone at a con- 
centration of 2% without added tryptophan. The inhibition of 
indole production by fermentable carbohydrates has always pre- 
vented the introduction of a suitable medium to combine the two 
tests, but Yelicangil & Demirhindi (3.9) have produced a medium 
which combines fermentation of mannitol with indole production. 
Worthen d al. (40) have used fermentation of glycosides to 
differentiate members of the Enterobacteriaceae, e.g., methyl-a-D- 
glucoside anti arbutin to differentiate E. coli from Klebsiella 
aerogenes. 

Thomas d al. (41), investigating coliform bacteria from farm 
water supplies, found that isolation at 30° was as selective for 
Klebsiella as 37 J was for E. coli. Strains of Citrobacter and Klebsiella 
negative at 37° were the predominant organisms in protected wells 
of good sanitary quality whereas E . coli was the dominant organism 
in polluted samples, comprising 43% of the isolates at 30° and 76% 
of those at 37°. Gyllonberg ct al. (42) investigated the possible sig- 
nificance of Lactobacillus bifidus as a suitable indicator of faecal 
contamination of water. They occur in faeces in numbers 10-100 
times greater than coliform bacteria and are not known to grow in 
other natural environments. Survival rates were similar to those 
of coliform organisms in water but there was a relatively greater 
decrease under warm than under cold conditions. Selective methods 
utilising chemically defined media for isolation of these organisms 
are described (43). 

Faecal streptococci 

Two new proceduies for detecting enterococci in water have 
been described. Guthof iV Dammann (44) used a dextrose azide 
broth with 3% sodium chloride at pH 8-3 followed by subculture 
°n a selenite plate. Morelis & Colobert (45) obtained luxuriant 
growth in 8-12 h. under semi-anaerobic conditions in an aesculin 
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azide broth containing glycine and iron ammonium citrate at pH 
9-0. In order to increase the reliability of differential tests at high 
pH, Chesbro & Evans (-46) recommended a tryptose-yeast-extract- 
glucose broth containing 0*05 M-sodium carbonate and 0*05° f) 
Tween 80, which permitted initiation of growth up to pH 10 5. 
Another useful simple differential test introduced by Spaander & 
Roest (47) is utilisation of citrate, detected by precipitation with 
lead acetate. All strains of Streptococcus faeatlis gave positive 
results. 


Membrane filtration 

Windle Taylor (45) and Burman {49) have introduced a number 
of improvements in membrane filtration techniques for coliform 
and E. coli counts including re-use of English membranes up to 
ten times by washing in running water; resuscitation of coliform 
counts on MacConkey broth at 30 for the first 4 h., thus avoiding 
the necessity to transfer from one medium to another; inclusion of 
3°o lactose in the resuscitation broth for li. coli counts; the sub- 
stitution of 5% and U*5% Teepol broth for MacConkey broth for 
the coliform and B. coli counts respectively ; incubation for 18 li. 
at 35' to achieve coliform counts on membranes equivalent to 
48-h. counts on multiple tubes; and incubation of membranes in 
small glass Petri dishes inside a larger container for adequate 
moisture control and so avoiding inhibitory action of tin containers. 
Noble lY Rettman (-50) demonstrated the inhibitory action of tin 
containers and McCarthy & Delaney (-57) demonstrated the failure 
of the slow lactose fermenters which normallv ferment lactose in 
liquid media only between 24 and 48 h., to produce typical colonies 
on Endo membranes. Klebsiella strains responded well to addition 
of sucrose and Citrobacter to addition of rosin to the medium. 

Chibrikova et al. (52) have described a rapid membrane technique 
for detecting Vibrio comma in water by staining with acridine 
orange after 8-9 hours’ incubation. Membranes have been used (o3) 
for counting numbers of organisms in micro-quantities of suspen- 
sions of high numbers by prefixing in picric acid, filtering through 
an area restricted bv greased circles and staining with acid fuchsiu. 

Schyma et al. (54) have introduced an entirely new' micro-filter 
of aluminium alginate able to redissolve under physiological con- 
ditions which will retain particles down to 5-8 m/t in diameter. 


Aquatic actinomycetes and fungi 

A complete life-cycle of aquatic actinomycetes has been de- 
scribed (55), the odour varying with the particular stage in the 
cvcle. Nutritional requirements have been studied and taste and 
odour compounds have been separated for further studv (55). lhe 
International Committee on Bacteriological Nomenclature art' 
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sorting out much of the taxonomical confusion in the Actino- 
mycetes and to this end Kuester ( 57 ) has outlined the criteria to 
be investigated for selection of those most suitable for character- 
ising the taxa, and Lcssel (55) has listed all the genetic names of the 
Actinomycetales to facilitate selection of the correct names. 

In a study of the relative effects of copper and galvanised piping 
on the growth of taste-producing actinomycetes and fungi in pipes, 
Windlc Taylor (5.9) found no difference, fungi growing equally well 
in both types of piping. Slimes which grow in water exposed to an 
alcoholic atmosphere and normally attributed to fungi, as these 
form the bulk of the material of the slime, were also investigated 
(59). The primary invader was shown to be a bacterium derived 
from the water, followed by protozoa and the fungi appeared later, 
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LARGE-SCALE TISSUE CULTURE (P. D. Cooper, B.Sc., 
Ph.D.) 

Medical Research Council Laboratories, Carskalton, Surrey 

'Large-scale' tissue culture has in the last decade become feasible 
in considerable measure because of the impetus derived from polio- 
myelitis virus vaccine production, and doubtless this new field of 
industrial enterprise will continue to grow, as its commercial 
potentialities arc world-wide. However, tissue culture on a scale 
even approaching modern, full- or pilot-plant-scale operation is so 
recent, and differs sufficiently from usual microbiological processes, 
that the trends cannot well be discussed without some introduction 
to the methods of tissue culture. The differences fortunately are not 
fundamental but quantitative, as animal cells in the free-living 
state behave as true micro-organisms. 

Definitions 

'Tissue culture' implies the growth or maintenance of cells 
derived in the first place from an animal (nearly always a verte- 
brate) or a plant, in a living form apart from the organism of origin. 
Its historv for tissue pieces extends back to the early 20th century. 
However’ 'tissue' is nowadays often a misnomer, since the tissue 
as a whole is not kept, but only certain cells from it; hence strictly 
speaking one should refer to ‘cell culture' or ‘organ culture' , 
although ‘tissue culture’ is still frequently used. While considerable 
data are now available for cell culture, organ culture is still in its 
infancy and will not be dealt with here; generally speaking organs 
can be maintained but not grown in culture, and the first problem 
to be solved is to prevent the organ from disintegrating by the 
migration and dispersal of its cells in culture. 

Principles of cell culture 

Earlier, cell culture was extremely difficult, and three develop- 
ments of the last 15 years have contributed to making it much 
easier: («), by far the most important, the advent of non-toxic 
antibiotics to prevent microbial contamination; ( b ) standardisation 
and ready commercial availability of synthetic medium com- 
ponents such as a wide range of vitamins and amino-acids, and 
(c) availability of quantitative methods for evaluating cell growth, 
i.e., free-living, single-cell suspensions which are reproducible, 
easily sampled in a representative fashion and accurately counted. 
These factors allowed the systematic investigation of culture 
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conditions, and many techniques and fully or semi-synthetic media 
are now available for a variety of tissues. 

For general techniques reference is made to a recent text-book 
of cell culture (1), but it will be useful here to summarise the 
differences of animal cell culture from standard microbiological 
technique, since advances in large-scale cell culture all stem from 
realisation of and allowing for these differences. They centre around 
the characteristics of the cells, which compared with bacteria are 
{a) much larger and heavier, although of similar density (and hence 
require more diligent agitation), (5) very much more fragile 
mechanically, and thus more readily damaged by agitation pro- 
cedures, (c) much more susceptible to adverse chemical environ- 
ment, (tf) much more slow in growth (doubling time 12 -48 h.). 
Consequently care has to be taken in their handling — they are 
damaged by grinding, too rapid stirring, sparging, frothing, certain 
but not all antifoam agents (2), too rapid centrifuging, keeping as 
a packed pellet, and incubation in acid (pH 6*5), alkaline (pH 8*0) 
or deficient media. Pumping in bulk requires special pumps such 
as those used for pumping whole blood. Also unlike bacteria, the 
cells prefer to attach themselves to solid objects, and consequently 
tend to clump or adhere to tile vessel wall. However, on the credit 
side they are sedimented by low centrifugal forces and require a 
lower rate of oxygen input and acid removal. 

Culture medium 

The medium is also more complex and critical than those 
required for micro-organisms, and much more costly. This latter 
factor has been justifiable economically hitherto, because the 
products (virus vaccines) were relatively rare and are used in small 
doses, but more efficient vaccines demand higher doses; fortunately 
considerable scope exists for cheaper substitutes, for example use 
of skim milk in place of serum, and tryptic meat broth (5) in place 
of amino-acids or purified hydrolysates. Continuous cell lines may 
be developed which are independent of added protein and otherwise 
nutritionally less demanding. With adequate control, the expensive 
but very useful antibiotics might be omitted or used in lower dose. 
The medium needs to be isotonic with the correct balance of salts 
(4), with about thirteen amino-acids (5) (more than the seven 
required in vivo) and about seven vitamins (6) plus protein. The 
pH needs to be about 7*0, and the oxygen tension may be critical 
(T). There is now a very extensive literature indeed on tissue culture 
methods in general and in particular. 

Cell source and methods of culture 

There are three sources of cells for use in tissue culture, all 
suitable for large-scale application. The first and that entirely used 
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commercially so far is the intact animal, either from a part thereof 
(e.g., kidney) or the whole animal, usually an embryo (e.g., chick). 
Embryo cells are more easy to cultivate than adult tissue, and are 
frequently more sensitive to viruses. The organ is removed and 
coarsely chopped or minced ; it can be used as this crude suspension 
of cell clumps (the first means used to make polio-virus vaccine), 
but better results are obtained by digesting the tissue with trypsin 
to obtain a single-cell suspension which can be maintained, usually 
as a single layer attached to a glass surface (monolayer) or as a 
suspension. Primary cultures do not increase greatly; they may be 
subcultured once or twice (giving secondary or tertiary cultures) 
but then usually expire. Primary cultures have the advantage of 
being less liable to loss by bacterial contamination, but suffer the 
disadvantage of frequently being contaminated with wild viruses. 

The second source is that of the continuous cell lines, which have 
all resulted from infrequent successes in attempting to subculture 
primary cultures indefinitely; these successes occur sufficiently 
often to make it feasible to obtain almost any primary culture in a 
form capable of indefinite subculture, although certain types of 
cell are more difficult ( 8 ), and the resultant cultures may not 
necessarily have the same characteristics as the primary source. 
They arc grown either as monolayers or in suspension. 

Tlie third source is the peritoneal exudate of certain ascitic 
tumors (.9) which, while not strictly tissue cultures, nevertheless 
vie Id cells direct ly in a suspension eminently suitable for culture 
work. This source is in fact so bountiful (e.g., 1-2x10® cells per 
mouse in 10 days) that it is surprising that more use is not made 
of it. 

Principles of large-scale cell culture 

Large-scale tissue culture of indefinitely cultivable cell lines is at 
present at a stage similar to that of penicillin fermentation at the 
time when deep culture was first introduced. The analog}' is fairly 
close; the bulk of current commercial tissue culture is at present 
performed with the cells growing as monolayers, which are handled 
in separate flasks, as were the penicillin surface cultures. However, 
the same cells will in general also grow well in a shaken suspension 
if the right conditions are employed ( 10 ), and the system has been 
reduced to the simplified 'stirred pot’ by McLimans and co-workers 
( 11 ). This has been employed experimentally on a variety of scales 
up to several litres ( 12 , 13 ) in batcliwise growth and commercial 
exploitation is being investigated. Batch cultures are not efficient, 
however, since the optimal conditions for growth of animal cells are 
critical and arc soon exceeded in culture; it would therefore be 
preferable to maintain the cells in a steady state under optimal 
conditions, with an apparatus analogous to a chemostat. bucli an 
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apparatus has been successfully operated over periods of many 
months, and produces 10® cells per day from a 1-5-1. culture 
volume (24). This method would be very much more economical for 
vaccine production than is, for example, obtaining cells from the 
expensive monkey kidney, and even for cheaper tissues (e.g., pig 
kidney cells) the amount of handling is much simplified. The prime 
need is to obtain a strain of cells which is capable of indefinite 
subculture, yet which possesses the desirable characteristics of the 
primary ceils (such as sensitivity to the particular virus needed for 
a vaccine). 

Uses of large-scale cell cultures 

Tissue culture on a large scale has at least two uses, one for 
production purposes and the other for diagnosis and research. For 
the latter, advances in modern medicine have given tools to the 
microbiologist for the isolation, identification and assay of a large 
number of hitherto unknown viruses; these methods frequently 
depend upon cells in culture, but their production in bulk and 
variety is tedious and time consuming for the diagnostic laboratory. 
In America the production and shipping of large quantities of such 
cells on a commercial scale is a routine matter. Knowledge of the 
cause of a virus infection should increasingly help treatment and 
epidemiological handling, and in the years to come rapid diagnosis 
may become essential, implying a greater need for these cells all 
over the world. 

The main use, however, is for production, and the main products 
are virus vaccines. The observation of Haulers and co-workers that 
polio virus (a neurotrope) could grow in non-nervous tissue in vitro, 
launched the present polio virus vaccine industry, which has grown 
to a large investment in most industrialised countries, large and 
small. The virus is grown in monolayers of monkey kidney cells, 
and inactivated with formalin for injection ; alternatively a living 
but attenuated strain can be given orally. It is likely that other 
vaccines for minor human ailments (measles, certain respiratory 
infections) will follow, but the number of monkeys available is 
limited. Considerable thought has been given to overcoming this 
limitation by use of continuously cultivated strains of cells, but 
these cells have many of the characters of malignant cells, and it is 
feared to administer an extract of such cells to humans even if it is 
purified chemically and thoroughly inactivated. This objection 
does not apply to livestock, and it is anticipated that in time a 
large variety of animal virus vaccines including foot-and-mouth 
disease virus, will become available by means of continuously 
cultivated cells, perhaps grown in a chemostat. 

A variety of other uses can be envisaged. Production of hormones 
by rare tissues is an obvious one which in some unpublished work 
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has been successful, and connected problems may be the main- 
tenance of large organs in culture for the same purpose, or for 
surgical grafting. The difficulty lies in obtaining a cell which 
performs as well in vitro as in vivo. The physiological behaviour of 
animal cells in a large compact mass (e.g., as ail organ) is rarely the 
same as when in disperse culture. Although this presumably relates 
to the chemical environment, the reasons for it are not known and 
bear on the general problem of morphogenesis and differentiation; 
the cells appear to 'de-differentiate* in culture, perhaps by loss of 
some stimulus or control in vivo, or because only unspecialised cells 
survive in culture. 

While this article has been concerned largely with culture of 
animal cells, it should not be forgotten that plant cells can also be 
cultured in a somewhat similar fashion. It would hardly be 
economical to do so for foodstuffs, but might be considered for rarer 
substances, such as drugs produced by tropical plant tissues, in 
order to avoid costs of transport or difficulties of access. 
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MICROBIOLOGY OF THE SOIL (Margaret E. Brown, 

Ph.D., and R. Cooper, D.Phil.) 

Rotha nisted Experimental Station , Hdrpendeti , Herts. 

This review deals mainly with nitrogen transformations bv soil 
organisms. After years of slow progress, knowledge of the mechan- 
isms of nitrogen fixation and nitrification is now increasing rapidly 
with the application of a greater variety of biochemical techniques; 
prospects for further advances are promising. Many nitrogen-fixing 
micro-organisms have now been described and their physiology 
and ecology studied. Thu complex relationship between plant and 
organism in the rhizosphere has been further unravelled and there 
are signs of reviving interest in the related subject of bacterial 
fertilisers, long neglected outside the Soviet Union. The organisms 
which attack insoluble phosphates in the soil and thereby increase 
the phosphate supple for plants have received more attention, and 
the recent findings are reviewed. 

Biological nitrogen fixation 

Recent work suggests that a great range of organisms fix nitro- 
gen. Derxia gummosa was as efficient as Azutobacter, fixing 9- -l 
mg. N/g. of carbon source supplied, but was more acid tolerant 
than Azotobactcr (1). Others, which were less efficient and fixed 
amounts of nitrogen ranging from 1 to 6 mg./g. of carbon source 
supplied, were identified as Achromnbaclcr spp. (2), Desulphnvibrio 
desulphuricans {3) and a possible Saccharomvces (4). Some specify 
of actinomycetes may fix nitrogen but active forms were rare (•>)• 
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Many papers have dealt with the isolation of Azotobacter from 
widely differing habitats. In New Zealand, however it was not 
detected in some soils of natural fertility under tussock, crops or 
introduced pastures (5). Russian workers claim that good cultiva- 
tion, the regular application of organic and mineral fertilisers and 
irrigation favour the growth of Azotobacter (7, 8). Evidence for the 
stimulation of Azotobacier in the rhizosphere is conflicting - some 
plant species depressed it and others stimulated early in the plant 
life, but depressed it later (£>, 10). 

For many years there have been reports of increases in soil 
nitrogen of the order of 50 lb./acre/year in both cultivated and 
uncultivated soils without legumes. A possible explanation is that 
some non-nodulated plants may fix considerable amounts of 
nitrogen (22). Plants grown for 6 months to 3 years in sand culture 
free from combined nitrogen and without Azotobacter and Clos- 
tridium showed gains in nitrogen ; the results were confirmed by 
15 N analyses. The nitrogen may be fixed by specific plant and 
microbial associations, such as mvcorrhiza or bacteria in stipular 
glands. 


Mechanism of nitrogen fixation 

Advances in knowledge of the mechanism of nitrogen fixation 
have been delayed until recently by failures to demonstrate con- 
sistently high activities of nitrogen fixation by cell-free extracts. 
This problem has now been overcome, and fixation was demon- 
strated with cell-free extracts of Clostridium pasteurianum when 
experimental conditions during and after disruption of the cells 
were carefully controlled ; in particular, it was necessary to exclude 
oxygen and to supply a source of energy. Pyruvate was the most 
effective energy source of those tested/probably because it par- 
ticipated in the phosphoroclastic reaction, which is important for 
the supply of energy in some clostridia (12, 13). 

Cell-free extracts fixing nitrogen have now been obtained from 
Cl. pasteurianum , RhodospiriUum rubrum, blue-green algae and 
Azotobacter vtnelandii (14-1 6). In some of the experiments with 
Azotobacter, a significant advance in tracer technique was made by 
the use of 13 N, a radioactive isotope with a half-life of only 10 min. 
(25). 18 N may he better than l5 N for verv-short-term experiments 
because it offers greater sensitivity with smaller amounts of labelled 
material and its assay is less laborious. 

The first step in the uptake of nitrogen from the atmosphere by 
nitrogen-fixing organisms is still unknown. Nitrogen specifically 
changed the absorption spectra of cell-free preparations from Cl. 
pasteurianum and soya-beari (13, 17). The weight of evidence from 
work with various organisms still suggests that nitrogen is reduced 
at a very early stage, possibly to hydrazine or some related 
compound (17-20). It is still possible, however, that nitrogen is 
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initially oxidised (22) ; nitrate reductase and nitric oxide reductase 
were very active in tissues and organisms which could fix nitrogen 
(22, 24). Ammonia remains the first identified product of nitrogen 
fixation (14. 16) ; 15 N taken up by extracts of CL pasteur ianu-m 
appeared quantitatively as 16 NH 3 (2«3). The earlier report (IS) that 
cyclic compounds from the condensation of a-ketoglutaratc with 
hydrazine behaved as intermediates between nitrogen and ammonia 
in -2. t inelandii remains unconfirmed. 

A timely warning to those using isotopic tracers in studies of 
nitrogen fixation comes from the report that a mutant of .*1. vine- 
landii incubated with 15 X 2 exchanged nitrogen with the atmosphere 
without net fixation (25). Such exchange reactions may lead to an 
isotope distribution different from that produced by fixation. 

Root noduUs 

The complex and intimate symbiosis between plant and microbe 
in the root nodules of legumes and certain non-legumes, leading tu 
massive increases in nitrogen in the soil (of. 26), has had further 
detailed attention. The production of nodules by legumes is in- 
fluenced by light and by combined nitrogen in the soil; both too 
low and too high a carbon nitrogen ratio inhibited nodulation, and 
different legumes were differently affected by a given set of con- 
ditions. Carbon and nitrogen compounds at the sites of nodulation 
were also important (27). The initial nodulation of seedlings of 
lucerne and red clover was delayed by small amounts (2o pg. of X 
per seedling) of nitrate or nitrite, but not by ammonium ions, 
asparagine or urea CMO. 

An explanation for the specificity of cross-inoculation groups 
the nodulation bv a given strain of Rhizobium of ;l limited range of 
closely related legumes — comes from the report that the specific 
Rhizobium induces the root to produce enzymes that break down 
pectins, whereas non-specific strains do not [29, SO). 

The idea that Rhizobium invades the root hairs of its host by 
causing invagination of the cell walls has gained support from 
direct observations of various legumes (SI). Such invasion may 
produce nodules effective or ineffective in nitrogen fixation; the 
genetic differences in red clover responsible* for the different types 
of effectiveness have been analysed and summarised (26). Ineffect- 
ive nodules lack haemoglobin, probably because they lack enzymes 
of porphyrin biosynthesis (S2). 

Some recent valuable work on the processes leading to nitrogen 
fixation in mature nodules of legumes arose out of the earlier 
demonstration that the hacteroids which fill the nodules are in 
packets surrounded by membranes, probably of plant origin. When 
detached nodules of soya-bean were exposed to l5 N 3 for short 
jjfcriods, the greatest enrichment of 15 N was in the membranes and 
none was detected in the hacteroids (S3). Tin* main function of the 
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bacteroids may be to reduce haemoglobin, which may in its turn 
reduce the nitrogen fixed at the membranes (17, 20). The possibility 
that haemoglobin may itself act as initial acceptor of nitrogen 
arises from the demonstration of a weak affinity between haem 
proteins and nitrogen. At equilibrium, the proportion of nitro- 
genated molecules was small, but the high molar concentration of 
haemoglobin in root nodules is probably large enough for active 
uptake and transfer of nitrogen (34, 30). 

The increasing knowledge about nodules of non-legumes has 
been reviewed (36). Until recently, evidence for the isolation of 
symbiotic microbes from such nodules was poor, but now a virulent 
organism from nodules of alder has been grown slowly on a medium 
containing an alcoholic extract of alder root (S?). Another 
organism, growing rapidly on ordinary media and claimed to be an 
actinomycete, was isolated from the same host (<?#), Nodules of 
legumes and non-legumes show important similarities in their 
fixation of nitrogen, especially in the effects of inhibitors (39, 40), 
but haemoglobin is more firmly bound to the nodule tissue in 
non-legumes than in legumes, and escaped detection until recently 
(41). 

Nitrification 

The bacteria oxidising ammonia or nitrite in soil are notoriously 
difficult to handle and are slow in growth ; nevertheless, techniques 
for their culture continue to improve. XUrosomonas eitropaea has 
now been grown in continuous culture, yielding gramme quantities 
of dried cells, deep red in colour from their content of cytochrome. 
A strong supply of air is essential for rapid growth (42). 

The ability of cell-free extracts to perform some of the reactions 
of nitrification is beginning to yield useful information. The 
coupling of phosphorylation to the oxidation of nitrite to nitrate 
in a particulate preparation from A itrobacter agihs indicates how 
this organism derives its energy from nitrification (43, 44). A cell- 
free extract from Xitrosomonas eitropaea oxidised hydro xylaminc, 
but not ammonia, to nitrite (45) . Gas exchanges during nitrification, 
and the effects of pH and various inhibitors, \vere studied with 
whole cells of Xitrosomonas and A itrobacter (46-48). 

The rhizosphere 

The rhizosphere, the region of soil influenced by plant roots, is 
characterised by having greater microbial activity than sod awav 
from the roots. Germinating seeds stimulated bacterial growth ( • ) 
and the rhizosphere effect was initiated early in plant life: there 
were more than twice as many bacteria in the rhizosphere o 
3-day-old wheat seedlings as in soil away from the roots 1*0). 
Certain groups of organisms, such as chromogemc and Gram- 
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negative forms, which include proteolytic types, ammonifiers and 
methylene blue reducers, are stimulated in the rhizosphere (57, 52). 
Gram-negative bacteria may be favoured in the rhizosphere 
because they can grow well in the anaerobic conditions which may 
develop there (53). 

The rhizosphere microflora is ultimately influenced by the 
environment in which the plant is growing because light and 
temperature affect exudation from roots; with increase in tem- 
perature the amount of exudate increases. When tomato, Phalarh 
and clover were grown under controlled light and temperature, 
tomato and Phalaris exuded greater amounts and different pro- 
portions of amino-acids than did clover (54). The rhizospheres of 
wheat plants receiving 1000 foot-candles of light had more bacteria, 
especially those able to ferment glucose, than plants receiving only 
300 foot -candles (55). These experiments stress the importance, 
for reproducing results, of growing plants under controlled con- 
ditions. 

Further analyses of root exudates from wheat (55) showed them 
to contain volatile and non-volatile organic acids, amino-acids, 
sugars and traces of nucleotides, but none of the group- B vitamins. 

Root exudates can affect the behaviour of plant pathogens. 
When Fusarium oxysporum f. pisi was close to the root surface it 
was usually stimulated by root exudates, but sometimes inhibited 
by other rhizosphere micro-organisms. Roots did not become 
infected until the exudates stimulated the fungus enough for it to 
withstand the antibiosis (57). 

In addition to root exudates affecting the rhizosphere flora, there 
are also microbial exudates affecting the roots. Rhizosphere micro- 
organisms produced vitamins of the B group, high concentrations 
of which were found in cultures of non-sporing bacteria, particularly 
Pseudomonas species (53, 50). Heteroauxins were produced by 
Pseudomonas species and Fusaria, and culture filtrates of Fusaria 
made the roots of 3-day-old rice seedlings elongate (60). In clover 
grown in sterile culture and inoculated with a soil suspension, the 
main root was shorter and root hairs, particularly those near the 
root tip, were shorter and fewer than in uninoculated plants (6*7). 

Phosphate -dissolving micro-organisms 

A study of the distribution of phosphate-dissolving micro- 
organisms in light chestnut soils in Russia (62) showed the presence 
of few in uncropped soil but many on the roots of several crops, 
and the numbers varied with plant age; Pseudomonas calcis pre- 
dominated. However, in other experiments, these bacteria were 
not preferentially stimulated on the roots of wheat and oats (03, 
64). Phosphate-dissolving micro-organisms were increased by 
adding rock phosphate to soil. In vitro these organisms were more 
active in the presence of organic matter (55). 
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Many of these bacteria produce organic acids; lactic acid is 
common and 2-ketogluconic acid has also been identified. The 
liberation of soluble phosphate from insoluble calcium phosphates 
by these acids may be related to their strong chelating power 
towards calcium (66, 67). Actively growing fungal hyphae also 
produce organic acids and grow chemotropically towards particles 
of rock phosphate, finally surrounding them with a mycelial net- 
work (68). Phosphatases are also thought to liberate unavailable 
phosphorus from organic compounds (69). Species of Aspergillus 
contained especially active phosphatases, and a phytase which 
could dephosphorylate ferric phytate, a compound previously 
considered almost inert in the soil. Because these enzymes are most 
active at low pH they are likely to be active in the more acid soils 
where fungi are abundant (69). 


Bacterial fertilisers 

Most of the published work on bacterial fertilisers has come from 
the Soviet Union, where preparations of Azobacter spp., of Bacillus 
megaleriinn var. phosphatinnn and of Rhizobium spp. (for which 
Russians use the terms azotobacterin , phosphobacterin and nitragin, 
respectively), are applied as standard farm practice over about 
25 million acres. Present-day theories and practice have now been 
reviewed (70) and the increasing number of translations of Russian 
journals should help English readers to keep in touch with future 

<lt Vzotobactcrin and phosphobacterin were said to benefit 50-70% 
of the field crops to which they were applied. Incmasesof upto 
20% in yields of cereals (71), tobacco (/2), tomato (73) } cotton (<i) 
and sugar beet («) were claimed. Bacterial fertilisers are effective 
only When used in a favourable soil, such as a rich humus loam of 
neutral pH; manuring also favours Azotobacicr (/fl. Azoto ^ 
strains isolated from the local soil gave better results than standard 
laboratory strains (77), and their ultimate beneficial effect in- 
ert. aS ed when the strains were first adapted to the crop b> repeated 
subculturing in the presence of the respective plants grown in 
sterile culture (,'*). The combination ol azotobacterm and phospho- 
Iwcterin was sometimes more and sometimes less effective than 
the application of either fertiliser separately ( -• ' )• ^ tt 

Other micro-organisms are thought to be as good as or better 
than Azotohact,-r for use as bacterial fertilisers and 
spp.. particularly l’s.jUwmtnis (SO), and Uostndmn pasteurmum 

{81) have received attention. mav 

In addition to increasing crop yield, all these fertdi^rs may 
affect the crop food value and the activities of certain plant 

‘T mechanism of the action of bacterial fertilisers other than 
nitragin is uncertain. There is little evidence «■ 
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azotobacterin comes from nitrogen fixation (70) ; the production of 
‘growth-promoting substances' is put forward as an alternative 
hypothesis (73). Various micro-organisms produce vitamins and 
indolylacetic acid which may affect plant growth. Alternative or 
additional effects of ‘fertiliser’ organisms may be the destruction 
of soil toxins, antagonisms towards phytopathogens, or the con- 
version of plant nutrients in the soil from unavailable to available 
forms (70). 
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Unit operations 

Diffusion and mass transfer 

In the present period much attention has been paid to the funda- 
mentals of mass transfer processes, the usual method of attack 
being the measurement of the rate of dissolution of materials in 
lluid streams (/). In investigations of this type Pasternak & 
Guuvin (2) introduced a new dimension into the Reynolds number, 
the use of which is explained by boundary layer theory. The effect 
of rippling and turbulent How on mass-transfer rates is very 
dilheuit to treat theoreticallv, but some advances have been made 
recontlv and are reviewed by Eulford (3) with special reference to 
foreign publications. 

Mass transfer between vapour bubbles and liquid in nitrogen- 
oxygen mixtures has been investigated (/}. This type of investiga- 
tion is of importance in the examination of distillation and 
absorption fundamentals in plate towers. 

A review of recent developments in the field of thermal diffusion 
is published by Brown <$: Jones (o). It is stated that commercialisa- 
tion of the process may soon be effected. 

Absorption 

A review of the classical theories of absorption by Carter (6) 
includes some recent work. A recent development of general 
interest is outlined in a paper (7) dealing with the employment of 
concurrent flow in absorption units. High mass-transfer coefficients 
have been obtained in experiments with carbon dioxide and 
alkaline solutions and the svstem may be used to advantage when 
vapour pressure over the liquid is low. The problem of assessing the 
size of equipment when absorption is accompanied by chemical 
reaction is considered by Tiller (<*), who discusses the suitability of 
the various theories of absorption, lhe materials used m 
construction of absorption equipment have been considered by 
Hilliard (.9). who describes the use of the Tolybloc* system, a 
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graphite material, which has advantageous corrosion resistance and 
thermal properties. 

The hydrodynamic conditions of absorber operation are con- 
sidered in a paper by Eduljee (10), with a review of correlations of 
flooding, loading and pressure drop in packed towers. A new 
correlation is proposed to cover a range of liquids and gases with 
improved results. 

Distillation 

An international symposium on distillation was held this year 
at Brighton and a review of the papers presented is published in 
British Chemical Engineering (11). 

The increasing application of the computer in the held of process 
design is seen in several papers (72 If). Binary mixtures of ideal, 
non- ideal and azeotropic characterics and multicomponent designs 
have been analysed. The rapid assignment of new conditions after 
an unsuccessful pass through the t< over is described. 

Azeotropic and extractive distillation have also claimed atten- 
tion. A review of new techniques in the separation of azeotropes is 
published by Coates (Jo). The choiceof separating agent and column 
design for extractive distillation is examined by Gerster ( /6*) , who 
has also detailed new methods <>f distillation tray efficiency pre- 
diction (17). 

fn the more fundamental aspects of the subject some recent 
research work (IS) seeks to discover how the material properties of 
a substance to be rectified affects the exchange relationship or 
column height. 

Extraction processes 

The present state of extraction processes in the oil industry is 
reviewed by Ten>ke f 10) and the pattern of the future use of the 
process is predicted. 

In the analysis of extraction processes several new methods have 
been proposed. The simple M< ( abe 1 hide type of construction for 
immiscible solvents has been extender! {20) to include other cases. 
A new method of determining tie lines in ternary systems (21) may 
be employed in the absence of adequate chemical analysis, and its 
use is illustrated by the system acetic acid furfural water. An 
increase in mass-transfer rates in liquid liquid extraction has been 
effected bv the application of ultrasonics (22). The increase is 
regarded as being due to increase in intcrfacial area and removal 
of pockets of stagnant liquid. 

Drying 

Heat- and mass-transfer in drying processes continue to he 
investigated, the emphasis being on spray drying (23). Some 
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aspects of dryer design have been examined and methods outlined 
for determining the residence time of material in the various zones 
of a dryer ( 24 ). 

Particle dynamics 

In the field of particle dynamics work has proceeded on filtration, 
centrifugation, separation of dusts from gases and froth flotation. 

The question of Altering media is discussed by Kovacs ( 25 ). The 
replacement of the old type of filter cloth, which is frequently 
unsatisfactory, by the impregnated cellulose screen, wire cloth, 
fused metallic fibre and other media is considered. The pre- 
treatment of slurries and the removal of the final filter cake is 
discussed by King ( 26 ), who outlines the latest developments in the 
fine chemical industry. A simple and cheap device for classifying 
solid particles, the hydrocyclone, is described by Gundelach & 
Trawinski ( 27 ). Various examples of its use in conjunction with 
other items of plant such as filters, thickeners and centrifuges, are 
cited. 

In the field of froth flotation, some attempt has been made to 
investigate fundamentals. The adhesion of a spherical particle to a 
liquid/air interface has been investigated by Nutt ( 28 ), who 
developed equations fur the force and work required to detach the 
particle from the interface. Results obtained agreed well with 
theory. New developments in centrifuging and its application in 
manv industries are described in a comprehensive review ( 29 ). 


Mixing 

Mixing processes can be divided into two categories, (i) the 
mixing of batches of material, and (ii) the mixing of different 
elements of material in flow reactors, as a function of time. Several 
reviews of processes falling into the first category have been 
published (30 32 ). They concern liquid, liquid systems, solid/liquid 
systems, pastes and dough mixing, and theory, practice and 
economics are considered. In the second category residence time 
studies in various types of equipment have been made ( 33 , 34 ). 
Cholettc ( 35 ) considered the problem of chemical conversion in 
flow reactors with differing orders of reaction and proposed 
graphical solutions. 

Size reduction 

No new theories of size reduction have been reported. Com- 
minution in jets has received some attention ( 36 ) while the funda- 
mentals of this process have been investigated by Kemers p/) 
using a spark photography technique. The possibility of deriving a 
law for impact comminution is mentioned. Several new types ot 
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mill have been developed which are of interest to the specialist 
reader and are referred to in the Supplementary Bibliography. 

Heat transfer 

Design 

Nomograms continue to be published for the quick solution of 
many problems. A chart for the determination of Hie effective 
length of U-tube heat-exchangers, if the length and size of the 
tubes are known, has been published by Whitely & Ludwig (5.S), nr 
the number of tubes may be determined if an effective length is 
assumed. A nomogram for the solution of unsteady-state heat- 
transfer problems in batch operations has been published by 
Narsimman (59). 

The selection of heat exchangers for a particular duty is con- 
sidered by Drake & Carp (10), in an article designed to allow users 
to benefit from manufacturers’ know how’ in their selection. 
Mechanical and economic factors are summarised in a table. The 
use of the digital computer in the selection of heat exchangers has 
been described (41) with a sample programme. 

Evaporation has been considered as a special case of heat 
transfer in the Chemical Engineering refresher series (4‘J). Charac- 
teristics of various types of equipment and the influence of physical 
properties of the solution on the heat-transfer coefficient are 
discussed. 

New techniques in couling tower technology have been reported 
from Germany (43). Ultra-light tower parkings have been intro- 
duced with reported increase in mass transfer rates. 

Research 

Two articles of general interest (44, 43) have been published by 
Birmingham University, covering the life and work of Schmidt and 
Nusselt, two prominent workers in heat transfer. 

Two papers on the subject of unsteady state beat transfer have 
been published by Davies & Akers. An analysis of the process is 
based on the fust law of thermodynamics, systems having variables 
based on time only ( 40a) and heat conduction in the solid phase 
(46b) being considered. In subsequent papers Davies (47) considered 
problems too complicated for analytical solutions. The solution of 
first-order differential equations is outlined and more practical 
problems tackled by solving simultaneous first-order differential 
equations. The use of numerical analysis to solve partial differ- 
ential equations is also demonstrated. 

Considerable interest in two-phase flow and the problems 
involving heat and mass transfer is demonstrated by the h> r ^“ 
number of papers on this topic presented at the 3rd American 
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National Heat Transfer Conference which are reviewed by Collier 

i ^K at ,r t" sfcr St j dl f b £ ? tween particles and liquid in a fluidised 
bed have been made by Sunkoori & Kaparthi 140). Many studies 
have been made previously on gas fluidised beds and the results 
from these experiments are compared with those from the liquid 
fluidised bed. ^ 


Fluid flow 

fundamentals 

A recent development is tlic use of water analogues to determine 
dynamic gas flow patterns by use of tracer particles in the water 
streams (J0). Possible applications of the method are outlined. In 
similar work by Suckling (51), flow patterns around naphthalene 
pellets, of oblate shape, were investigated with red ink tracer. 
Compared with spheres, separation occurred earlier and an ex- 
planation was presented. 

Application of boundary layer theory to power law pseudo- 
plastic fluids lias been performed bv Schowalter (52), who developed 
two- and three-dimensional equations. 

In the study of compressible fluid flow, ideal gas behaviour is 
often assumed but deviations become pronounced with increase of 
pressure. A method lias been developed (53) which enables the 
critical velocity of any real gas to be calculated with ease and 
accuracy, using recent thermodynamic developments. A generally 
acceptable correlation of the influence of voids on pressure drop in a 
packed bed has been developed which agrees well with experimental 
results (5/). Density fluctuations in fluidised beds indicate that 
bubbles grow from the donse-phase mixture or continuous capture 
nf tiny hubbies (55), A y-ray absorption technique also indicated 
i bat the gas velocity in the dense phase was very close to minimum 
fluidising velocity. 

1' tnii ping 

Pumping theory is outlined by Striven & Rhodes (56*) and the 
common classification of pumps into kinetic or positive displace- 
ment devices is extended. The theory of operation of the major 
classifications is considered and illustrations are provided of how 
basic the< try is applied to obtain some of the familiar but specialised 
types of equipment. 

Selection of pumps for the chemical industry has been con- 
sidered by Hoffman s$; Calkins (a?) and Gillmor (5<S). Corrosion 
resistance, flow rate, operating temperature and pressure, environ- 
ment and fluid properties are some of the factors examined. An 
interesting development is described by kck (5.9) in which an 
oscillating impellor is employed in a centrifugal pump with the 
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blades describing a straight path. A vortex at the centre of the 
impelior controls the flow. 

Metering 

The use of quarter-circle orifices for flow measurement has been 
investigated bv Landstra (6ft). Constant flow coefficients were 
obtained over a very wide range of Reynolds number even at very 
lo\v flow rates. Experimental work was described and the manu- 
facturing technique detailed. A useful new flowmeter has been 
constructed (67) which is similar to the rotameter but does not 
require a tapered tube. The apparent weight of the float is made to 
vary by attaching a chain. 

A lay-out eliminating errors in manometer readings in the 
measurement of two-phase flow' is described by Wicks (61?). 

References 

(1) Flint, D. L., Kada, H., & Hanratty, T. J . , Amur. Instn chan. Engrs J., 

I960. 6, 3*25 

(2) Pasternak, I. S., <& Gauvin, \Y. H., Canad. J. chem. Engng, I960, 38, 34 
(3l Fulford, G. A., Bgham Cniv. chem. E ngr, 19(40, It, ‘23 

(4) Franz, A., Chem.-Ing.-Tech , I960, 32, 330 

1-5) Brown, G. K., A Jones, A. I-., Petrol. lie fit j.. I960, 39, (June). 150 

(6) Carter, J. \Y., /i ^ chew. Engng, 1000, 5, 472 

(7) Dodds, \V. S,, Stutzman, L. F\, Sollami, B. J., & NK Carter. K J., 

Instn chan. En grs 1900, 6. 107 

($) Tiller, A. J.. Chew. Engng, loop, 67, 111 
(9) Hilliard, A. J., Jirit. chem. Engng, I960, 5, 171 
{10) Eduljee, H. E., lint. chan. Engng, 1900, 5, 330 
{ll\ Brit. chan. Engng, I960. 5, 492 

(72) Lvster, \V. X., A Sullivan. S. L., jun.. Petrol. He fin., 1000, 39, (Aug.), 121 
1 73) Schrubrinc, A., Chem -I ng.- Tech., I960, 32,223 
{14) Reiser, H. M., Chem. Engng, 1900, 67, (July), 129 
(7-5) Coates, J.. Chan. Engng, 1900, 67, (May). 12! 

{16) Gerster, J. A., Petrol Re jin., 1900, 39, (June). MO 
17 7) Gerster, J. A., Industr. Engng Chem., 1900. 52, 045 
{73) Hausen, H., Chem.-lng-fech., 1903), 32,278 
173} Fenske, M. R., Petrol. Rejin., 1900, 39, (June), 199 
(20i Blumberg, R. r lint. chem. lining, 1900. 5, 172 
(27) Heric, K. L., 6c Rutledge, K. H., Canad. J . (hem. Engng, 1900, 38, 40 
! 22) Woodlc, V. A , a Yillbrandt, F. C.. Amer. Instn chan. Engrs J., 1900, 6, 
290 

(23) Dlouhy, J., & Gauvin. \V. H., Amer. Instn chem. JCngrs )., 1900, 6, ■' 

(24) Dlouhy, J., A Gauvin, W. H Canad. J. chem. Engng. 1900, 38, 11?. 

(25) Kovacs, J. P.. Chem Engng, I960, 67, (June), 209 

{26) King, P. J., Mfg I960, 31, 337 

(27) Gundelach, W., A Trawmski, H. F., Chem-Ing.-Tech., I960, 32,279 

[2S] Nutt. C. \\\, Chem Engng Sci.. I960, 12, 133 

(25) Barker, T. A,, Chem. Process Engng, I960, 41, 92 

{30} Baird, M. H. I., Mfg Chem., 1960, 31, 141 

{31) Fishcer, J. F., Chem. Engng, 1900. 67, (Aug ), 10“ 

(32) Rushton. J. H., Industr. Engng Chem., 1900, 52, 043 

(33) Cairns, E. J., & Prausnitz, J. M., Chem Engng Sci., I960, 12,20 
{34) Weydanz, \\\, Chem. -fng. -Tech., 1900. 32, 343 

(35) Cholette, A., Canad J . chan. Engng, I960, 38, 1 
(3tf) Rumde, H., Chem ring. -Tech., i960, 32, J29, 335 



HEAT TRANSFER, FLUID FLOW, UNIT OPERATIONS, ETC. 577 
(37) Reiners, E., Chem.-ing.-Tech., 1000, 32, 130 

(33) Whitely, D. L., & I.udwig, K. E., Ghent. Engng, 1000, 67, (June), 111 

(3fl) Narsimman, G. f Brit, chem. Engng, 1900, 5, 284 

i(()\ Drake, C. \i., & Carp, J. R., Chetn. Engng, 1000, 67, (April), 16a 

i ij) Gulley, D. L., Petrol. Jfejin., 1000, 39, (July), 140 

(.(•j) Coates, & Pressburg, 13. S., Ghent. Engng, I960, 67, (I ; eb.), 139 

(43) Berliner, P., Ghent.- big. -Tech., 1900, 32,200 

(44) Clarke, D. S., ligkam Unii\ them. Engr, I960, 11, 3 
Wright, H. J., Itghani Univ. them. Engr, 1900, 11, 35 

46 Davies, S. H., & Akers, W. K., {a) Chem. Engng, I960, 67, (April), 187; 

(b) ibid., (May), p. 151 

(47) Davies, S. H., Chem. Engng, 1900, 67, (June), 213; (July), p. 135; (Aug.), 
p. 137 

(43) Collier, J. D., Induslr. Chem., 1900, 36, 181 
(49 Sunkoon, N. K., & Kaparthi, K., Ghent. Engng Sci., I960, 12, 106 
(.50) Morris, R. E., & Haytliornthwaite, B., Engineering, Land., i960, 190, 261 
(54) Suckling, K. IT. Ilgham Univ. chem. Engr, 1960, 11, 28 
52) Sc ho waiter, W. IV, Amer. Instn chem. Engrs J., I960, 6, 24 
(53 Buthod. A. P., & Tien. C., Cannd.J. chem. Engng, 1960, 38, 74 
lid) Sonntag. G., (. hern. -Ing. -Tech., 1900, 32,31/ 

(45 Baumgarten, P. K., & Pigford, R. L., Amer. Instn chem. EngrsJ., 1960, 

6 115 

I Scriven K & Rhodes, R. K., Industr. Engng Chem., 1960, 52,557 

(•57 Hoffman, RC, & Calkins, D. H.. Industr. Engng Chem., 1960, 52, o61 

( .5i Gillmor, K. V... lnd\«tr. Engng Chem., 1900, 52, 560 

(49) Kck, B, Chem.-ing.-Tech., I960, 32, 91 

itm I.aiulstra, J. A., Tran*. Instn chem. Eugrs, IW\ 38, 20 

iff/] Matheson, W. 1'.. & Smith, J. C,, Chem. I-.ngng, I960, 67, (May), b>6 

(62) Wicks, M , ( hem. Engng, I960, 67. (July), L>2 

Supplementary Bibliography 

,Uas\s transfer 

Maas transfer on perforated plates with different weir heights • 

L. X., & Rodionov, A. 1 , Ah. prtkl. i\him.. I9u9, 32, 1311 (English 

ComWneU effect •»( longitudinal diffusion and esternal mass transfer resistance 
rived bed < me rations. Arrivos, A.. Lhetn. Engng Set., 1960, lo* i 
Mathematical* solution with arbitrary velocit y (Rstribution fordiflusion wtbm 
a developing boundary layer. Mixon, K O., & Carberry, J- J - 

Heat- "and mass-transfer’ to decelerating finely atomised sprays. Manning. 

\Y. 1-.. & C.auvin. V. H . .Inter. I ml* cl,, WhO, 1« 

Diffusion across an oilMaur interface. Haws, ]. 1.. & WiggiU, J- ««• 

Mass transfer 'inside "iro^^ Johnson. A. I.. & Hamiclec, A. E„ Amer. Instn 

Ta.t^o« B & dynamic inmid sheets in - "mss transfer 

device. Bromley. 1.. A.. Read. S. M.. & Bopura, S. b„ Intostr. WH 

local niass-tVansl^crafficicnts at a solid surface. Macleod, X.. * Stewart, G„ 

, SSS e w5o t sra 

linear adsorption isotherm. Tien. C.. tW J. ^ 

Calculation of mass-transfer rates with simultaneous c 

heat transfer. Spalding. I> R. Oum.-Ing.-Iech., 1%0, 32, .H 

Absorption , 

Published data relating to efficiency of wetting with countercurrent gas 



578 REPORTS ON THE PROGRESS OF APPLIED CHEMISTRY 


liquor fiow through random packing. Whitt, F. R , Brit. chan. Iingn« 
1960, 5, 179 

Performance of knitmesh packing at reduced pressures. Miskin, L. C,, 4 
Qureshi, M. S., Univ. lingr, I960, 11, 45 

Nomogram for the quick determination of pressure drop across wet drained 
columns. Davies, D. S., Chan. Process Lngng, I960, 41, 113 
Liquid phase absorption coefficient in packed columns. Salamon, S., Coll. 
Czech. Chan. Cotnmun I960, 25, 2210 

Distillation 

Hypodermic still for determination of vapour-liquid equilibrium data. Horvath 
P. J., Chan. Engng, i960. 67, (July), 142 
New method to obtain relative volatilities from the Cox vapour pressure dun 
Hariv, O. II., Petrol. Be fin., 1960, 39, 129 
Rectitication ellect in packed columns according to recent measurements based 
on similarity theory. Hausen, H., Chcm.ring.-Tcch., I960, 32, 509 
Plate efficiencies in the distillation of multicomponent systems. Toor, H, L., 
& Burchard, J. K. P .inter. I nstn chan. lingrs I960, 6, 202 
Confirmation of trace component identitv in distillation systems. Martin 
H. W„ Petrol. Re Jin.. I960. 39, 161 

A new retlux divider by Metal Propellors Ltd. Chan. Process. Engng, I960 4i ( 
(June!, -.'<9 

New equilibrium still for study of partially miscible systems. Kllis, S. K. M , 
<k Garbett. R. D., Industr. iingng Chew., I960, 52, 3?>5 
New design procedure for superfractionators. XX inn, 1\ \X\, Petrol. Rcfin., I totu, 
39, 139 

Extraction prcce sses 

Dvnamic programming applied to allocation of solvent in extraction. Aris, U , 
Chew. EngngSc:., i960, 12, v> 

Solvent recovery by dialysis through synthetic membranes. Chew. F'hc'h?, 
1960, 67, (Mays, 60 


Drying 

Adsorption drying of gases. Carter, J. XX ' , Brit. chan. Eneng, 196,0, 5, 472, 552 
Vortex impulse process for drving bulk materials, lielik, I.,, Chan. -Ing. -Tech., 
1960, 5, 330* 

Thermodrying of granular materials in fluidised beds. Beekcn, D. XX’., Bn!, 
chew. lingng, I960, 5, 4^4 

Heat* and mass-transfer in a pneumatic conveying dryer. Kuhle, XV., Chan.- 
Ing.-Tech., 1 96, 0, 32, 73 

Particle dynamics 

Quality control for mineral processing employing infra-red absorption. ( hem. 
Week, I960, 86, (Feb. 20). 2-S 

Pilot plant work for centrifuging. Crauer, L. S., huhi. tr. lining ('hem., I'. 1 *'/". 
52, 16), 46 A 

Constant rate filtration- scale up by graphical methods. White, G U , 
Hyman, S. C.. Ch.em. lingng, 196.0. 67, (June), 219 
New scrubber automatically adjusts itself for varying How at constant pressure 
drop. Chan, lingng, I960, 67, (May), 70 
Holmes- Ketroflux bag filter for hcavilv dust-laden gases, Chan. Process, hngnj. 
I960, 41 , 206 

Centrifugal filtration* through bed?, of small spheres. Hingcman, J. B-. “ 
Coates, j., Amcr. Indn chan, lingrs J., 1960, 6, 5S 
Miniature hydrocy clones as concentrators for slurry. Kngel, F. C. p & XXeisnian, 
J., Amer. I nstn chan. Jingrs J., I960, 6, 26*2 



HEAT TRANSFER, FLUID FLOW, UNIT OPERATIONS, ETC. 579 


Mixing 

Examination of longitudinal mixing of fluids passing through packed beds. 

Cairns, E. J., & Prausnitz, j. M., Chem. Engng Set., 1960, 12, 20 
Design and performance criteria of granular mixing devices. Rathmell, C., 
Chem. Engng Progr., 1960, 56, (4), 116 

Size reduction 

Size reduction is achieved by pure shearing, not impact, in newly developed 
cutter milts. Brit. chem. Engng, 1960, 5, 22D 
performance of high-duty vibration mills and an expression for the size of 
out-of -balance weights. Rose, H. E., Trans. Instn chem. Engrs, 1960, 
38, 107 

Hosokawa Fine grinding mill does not damage the surface of particles like the 
ball mill. Robertson, R. H. S., Chem. Age, i960, 83, 953 
Extent of comminution in pinned disc mills. Batel, W., Chem.-Ing.-Tech., 
I960, 32, 418 


Heat transfer 

Cascade refrigeration system for process cooling to —85®. Herrick, C. S., 
hnlustr. Engng Chem., I960, 52, (8), 43A-50A 

Hotter methods and tools for tube rolling in high temperature and pressure 
heat exchangers. Bach, IT. A., Petrol. Refin., I960, 39, 104 

To retain liquids at required temperatures two types of heated hose have been 
developed, lint. chem. Engng, I960, 5, 592 

Performance of plate heat exchangers. Brit. chem. Engng, I960, 5, oo9 

Hi'di -temperature canned pumps: design factors and applications. Thornton, 

° H A , & Fell, A. !>., Chan. Engng Progr., 1960 56, (7). 45 

Possibilities of the use of plastic films in heat exchangers. Weaver, J. M. f 
Chem. Engng Progr., I960, 56, (7), 49 . 

Correlations between thermal conductivity of packed beds and temperature, 
pressure and particle size. Schotte, \\ ., Amer. Instn chem. Engrs J., 1960, 

New packings and techniques in cooling tower design. Tow, D. J„ Brit. chem. 

High' ta'S ml* have been found in helical tube heat exchangers. 

Modern ^cooling Power's,* water* treatments indude corrosion inM^r^ de- 
position control agents and prevention of biological fouhn 0 . Guile}, R. P., 

Heat^xchanger”enipIoyii^*a^Jelf-jacketed fluid. Weir, C. D.. Engine*. Uni.. 

Dew point huikcii into account in a new nomogram to determine pipe lagging 
thickness. Bril. chem. Engng, i960, 5, 438 


mtUZi producing artificial rough linings for fluid flow experiments. 

Constantine. T.. Engineering. Load., 1960, x c Chem 

Plow rate in large-diameter piping by a tracer technique. Lee, j. 

I inxvst ijfarion' 1 of ^ slurries of aqueous thoria in pumping. ^^luidocb, R., & 

Analysis oif critical ^ ^ ^ ^ ^9^37^°^° 
flow- metering. Ros, N. J t ^ , * •*i Arf „ rp driven L. E., 

Equations of motion for Newtonian thuds at <. 

Chem. Engng Set., 1960.12,98 s 

Applications of the metering pump. Brit. • g jy • ' i960, 36, 169 

An all-glass pump for handling corrosive liquids. Jvdustr . wcm., 



580 REPORTS ON THE PROGRESS OF APPLIED CHEMISTRY 


The Pattermeter gives an induced signal by use of a free rotor (high accuracy). 
Load., 1%0, 189, 507 

An impellor completely out of the flow pattern is a feature of the new torque 
flow pump. Brit. chew. Engng, I960, 5, 593 
The momentum balance is used in a new method of calibrating orifices for gas 
flow. Martin, J. J., & Pabbi, V. R., Amer. Instrt chem. Engrs J., 1960, 6, 

318 

New correlation for fraction factor in smooth circular conduit, concentric 

annuli and parallel plates. Lohren*. J., & Kurata, F., Industr. Engttg 
Chem., I960, 52, 703 



INDUSTRIAL HAZARDS 

By H. W. THORP 

{University College, London ) 


Broadly, industrial hazards may be grouped under three heads: 

(a) those always present in any works where machinery is used; 

[b) those due to the manufacture or handling of chemicals; (c) fire 
or inflammable materials. 

The Annual Reports of the Chief Inspector of Factories for 
1958 (la) and 1959 (lb) give clear pictures of the position in Great 
Britain. In the former, attention is drawn to the dangers arising 
from large-scale production and use of organic peroxides; chapters 
on nuclear energy and ionising radiations and on fire prevention 
are also included. The latter describes a revised method of reporting 
accidents as from 1st January 1959, whereby more informative and 
detailed analyses may be made. This report also shows that 
‘Handling Goods' is the largest single category (26%) of all acci- 
dents in factories in spite of the increasing use of mechanical 


handling devices. . . 

Hazards due to the manufacture and handling of chemicals on a 
large scale include poisoning by inhalation and by contact with the 
skin. In small organisations the remedy is largely a matter of goo 
housekeeping, but there are a number of well-known substances 
which under some circumstances can be very dangerous e.g., 
chromium oxide, acetone and calcium hypochlorite (-«). Ntith 
larger organisations there is the added risk of plant failure, and 
American literature is quite eloquent on this subject, as seen in a 
series of articles (2b-d) dealing with suggested sa eguar s. , 
country questions of health hazards are fully dea \w 111 
Annual Reports of the Chief Inspector of Factories on Industnal 
Health for 1958 and li'59 (*, »). /*>“ which it appears that 
beryllium, either alone or alloyed with copper is s i P _ 
and insidious cumulative poison and that steroi ier ^W P , 
duccd encouraging results. Brooks (-1) gi'as an accoun P 
experience in monitoring beryllium at Harwell. Some small but 
significant items are noticed in the report for ' r >f a ’mixture 

treatment in cases of asphyxia, when admmistrat on of a mixture 
of 5% CO. in oxveen is recommended as a lirst-aid treatment o 
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1938 Order and makes radical modifications in the statutory 
contents of first-aid boxes. 

The continuing use of radioactive isotopes, the expanding 
application of A'-ray examination of metals and plant and the 
increasing number of plants employing nuclear fuel has focused 
attention on the hazards of ionising radiations (4~6). Methods for 
removing radioactive particles from the air are described (6). 

The special fire precautions needed when petroleum products or 
inflammable solvents are handled, are discussed by \Y. S. Wood (?), 
who covers the use, storage and disposal of inflammable solvents 
and includes a useful table of physical properties such as ignition 
temperature, flash point and inflammable limits for 22 solvents. 
Coleman (8) deals with the use of non-inflammable solvents as 
'safe’ diluents of inflammable liquids. 
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TOXICOLOGICAL HAZARDS 


By H. B. STONER, M.D., B.Sc. 

f Toxicology Research Unit , Medical Research Council Laboratories, 
Carshalton, Surrey) 


The assessment of the toxicity of chemicals added to food 

Rather than follow the pattern of previous chapters on toxico- 
logical hazards published in these Reports it has been decided to 
single out for discussion a topic which has been the subject of two 
official publications in this country during the period under review. 
This has been done because these documents will exert a powerful 
influence on the toxicological research carried out by industry and 
it is important that their contents should be widely appreciated. 

Food is becoming increasingly contaminated by chemicals 
present as residues of insecticides, fungicides, etc., used to protect 
the crops from various pests and to preserve them during storage, 
or as substances deliberately added for various reasons during 
manufacture (2). It is inevitable that this contamination will 
become more widespread as a more determined effort is made to 
win the battle against hunger. Although the use of chemicals is 
necessary in man’s struggle for more food there has been consider- 
able public concern, much of it ill-informed, about the possible 
dangers to man and wild life which might result from these pr&c - 
tices. Most concern has probably been expressed about the possible 
dangers to the consumers of the treated food, although the greatest 
risk in the case of pesticides is to the people who apply the 
chemicals. , , 

The methods being used to safeguard the public, both as con- 
sumer and user, in the United Kingdom have recently been ou me 
in two publications (2, 3). 


Pest control materials 

The first of these describes an agreed scheme whereby manu- 
facturers, importers, distributors and research workers outside 
industry, experimenting with chemicals for pest contro 
to be used on crops intended for consumption, noti y ‘PJJ. 
priate government department (Ministry of Agnciy lire, is 
& Food) of new toxic chemicals and formulations M the> 
propose to introduce into agricultural practice so a P 1 . ‘ 

for the correct use of these chemicals can be devised. 11ns scheme, 
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which has actually been working for five years, puts into effect a 
recommendation of the Second Report of the Working Party on 
Precautionary Measures against Toxic Chemicals used in Agri- 
culture (4), In addition to other information, each notification 
under this scheme must be accompanied by data on the toxicology 
of the substance so that the hazards to the users, consumers, farm 
stock and wild life (birds, mammals, fish and beneficial insects) can 
be assessed and adequate precautions agreed and recommended 
both officially and by the sellers. The toxicological information on 
the substance obviously forms a most important part of the 
notification and in an appendix to the main report the scope of the 
toxicological studies required is set out in some detail. A further 
appendix describes the scope of the residue data which is necessary 
to establish whether any of the chemical will remain in the food, 
i.e., the dose to the consumer. 

It is, of course, impossible to lay down a scheme of routine tests 
for establishment of the toxicity of any chemical suggested for use 
in food production and which would give information on which a 
decision about its safe use could be based. The possible hazards 
arising from the use of a compound can only be determined by an 
intelligent consideration of the inherent toxicity of the substance, 
the proposed mode of use and its amount, state, etc., in the final 
product. It may be that the really relevant information about the 
toxicity of a chemical comes from a test far removed from those 
routinely employed in toxicological laboratories. Critical considera- 
tion of the results of the preliminary tests might well lead to an 
experiment of this type and save an enormous amount of further 
work. More research rather than more 'testing' is required in this 
field ('5). While these points are recognised in the report, a certain 
minimum of investigation is laid down, based on previous ex- 
perience. 

In addition to a description of the relevant physical and chemical 
properties of the substance the notification of a new crop protection 
chemical must be accompanied by data on its acute toxicity, i.e,. 
LD W values, determined by giving single doses of both the pure 
compound and its formulations by different routes to a number 
of species. The report emphasises that while the actual LD 6n value 
is useful for comparison with related compounds, it is much more 
important to describe the time course and symptomatology of the 
poisoning together with the post-mortem pathological findings. 
This is necessary because, for instance, compounds which produce 
irreversible damage to tissues such as the central nervous system 
could be more hazardous than substances with lower LD M which 
produce only transitory effects in sub-lethal amounts. It is known 
that one of the greatest dangers to the users of agricultural 
chemicals arises from contamination of the skin and subsequent 
absorption of the chemical into the body, and a considerable 
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amount of information is required about the percutaneous toxicity 
of the compound in addition to its effects on the skin itself As well 
as these acute experiments the cumulative effects of known frac- 
tions of LD M values over short periods and the effects of chronic 
exposure to the compound must also be determined. Delayed toxic 
effects must also be looked for in animals which have survived 
near-lethal doses. With some compounds, such as the organo- 
phosphorus insecticides, it is necessary to see if their effects are 
potentiated by other commonly used insecticides of this group 
Organophosphorus compounds must also be tested on adult hens 
to see if they give rise to delayed neurotoxic effects. The hen is used 
in these tests because, like man, it is sensitive to the demyelinating 
action of some of these compounds. Metabolic studies can also be 
of great help in deciding on the potential hazards of a pesticide by 
showing that the compound is rapidly excreted, broken down to 
innocuous fragments in the animal body or is converted to a more 
toxic compound either in the treated crop or only after ingestion 
by the animal. Such data are required for notification together 
with information on methods of diagnosing poisoning by the 
compound and on possible therapeutic measures. The possible 
dangers of a compound can best be assessed when its mode of 
action is known, hence the need for a scientific inquiry rather than 
just a list of LD W values, etc. 

The above is merely an outline of the main headings of the 
section of the report dealing with the toxicological investigation of 
compounds proposed for use in agriculture and food storage and 
indicates the scope of the toxicological information required to 
support a Notification. The methods and species which may be 
used are discussed in some detail. Although the British Notification 
Scheme prescribes a detailed toxicological investigation of the 
compound it is more flexible than its United States counterpart (6) 
and pays rather more attention to possible user hazards. It is to be 
expected that from time to time further appendices will be added 
to the scheme dealing with such topics as the methods to be used 
to determine percutaneous toxicity and to assess the hazards to 
wild life from the use of agricultural chemicals. 

It might be thought that this scheme will impose a serious 
burden on the industry which has to obtain all this information, 
hut this burden is unavoidable in view of the large number of people 
at risk either as users or consumers. 


Carcinogenic risks 

The second publication (3) sets forth the conclusions of a panel 
of experts on the carcinogenic risks in food additives and pesticides. 
They concluded that no substance shown to be a carcinogen when 
given orally to animals should be added to or allowed to con- 
taminate food. If such a substance is shown to be a carcinogen by 
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any other route of administration or if it attracts suspicion of 
carcinogenicity solely on clinical grounds, a scientific Standing 
Committee would decide whether it should be considered as a 
carcinogenic hazard to man if it became a food additive or con- 
taminant. This Committee would keep the whole problem under 
review and would also advise on the best ways of testing com- 
pounds for carcinogenicity. As with the Notification Scheme, there 
is an appendix to this report giving guidance on the testing of 
materials for carcinogenicity. 

Although this report was mainly concerned with consumer 
hazards, it is likely that the same considerations would be applied 
to user hazards. The user of the chemical, whether in field or 
factory, is much more likely to come in contact with toxicolugically 
effective amounts of the chemical than the consumer of a food 
containing only traces of the added material. 

The guide to screening tests for carcinogens given in this report 
does not aim to do more than enumerate the principles to be fol- 
lowed. In view of the diverse nature of the chemicals used in food 
preparation and agriculture a detailed scheme of testing, equally 
applicable to all, could not be laid down. The experiments must 
always be planned after appraisal of those which have already 
served satisfactorily for testing related compounds. With this in 
mind the appendix contains a discussion of the species to he used. 
Rats and mice of both sexes are advocated for routine use, starting 
with groups of 25, so that at least 12 mice in each group will he 
alive after 20 weeks and at least 12 rats in each group after 2 years. 
There are no good short-term tests available for the detection of 
carcinogens and this means that the experiments must cover the 
greater part of the animal’s life-span. The compound should be 
given for at least a year and the dose should be as high possible 
without materially affecting the life-span of the animal. Both oral 
and parenteral routes of administration should be used. At the end 
of the experiment the animals must be examined as completely as 
possible, both microscopically and microscopically, and if the 
incidence of malignant tumours is statistically significantly higher 
in the treated group than in the controls the compound must he 
considered a carcinogen. 

The object of this work is to build up a li*t of 'Permitted Sub- 
stances' which have been adequately tested from this point, of 
view. There arc. of course, food additives in current use which have 
not yet been tested sufficiently and the Panel lias recommended 
that these should be examined during the next 5 years. This is 
presumably one of the tasks which will be undertaken by the new 
British Industrial Biological Research Association (T). further 
research is also needed on the methods for detecting carcinogenic 
compounds. Most of our knowledge of chemical carcinogenesis has 
been built up from the study of powerful chemical carcinogens, the 
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effects of which can be easily demonstrated. It is perhaps an 
assumption that the same type of experiment is equally suited for 
revealing the presence of a weak carcinogen or that a chemical is 
not a carcinogen. The latter problem is the more difficult and is the 
one most frequently encountered in this field. 

The need for further work on methodology is clearly shown by 
the differences between the screening tests suggested in the 
Ministry of Health Report (d) and those in a recent publication of 
the National Research Council of the United States (5). Whereas 
the differences between the British and American approaches to 
the toxicological examination of pesticides are largely differences 
in emphasis, those between the proposed tests for carcinogenicity 
are more fundamental (#). Among the tests recommended by the 
American authorities are feeding the material to dogs for 4 years 
and repeatedly painting it on the skin of mice. Only experience will 
tell whether such tests are useful for detecting human carcinogens. 


Conclusion 

There is no doubt that the Notification Scheme for Pesticides 
and t lie Report on Carcinogenic Risks in Food Additives and 
Pesticides will lead to a big increase in the already considerable 
amount of work done on the toxicology of the chemicals used in 
agriculture and the food industry. This is necessary if the health of 
the nation is to be safeguarded. An effect of these schemes will be 
that the hazards which may arise from the use of these chemicals 
will be more completely assessed than those for many, if not all, of 
the other groups of chemicals encountered both by industrial 
workers and by the public. This is probably already the case. If 
these schemes prove successful an extension of this type of joint 
Govern men t- 1 ndustrv scheme to other industries using toxic 
chemicals can be envisaged. The success of any official scheme in 
this field will depend on its ability to adapt” to changes in the 
climate of scientific opinion attendant upon the increase in 
scientific knowledge on the subject. 
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FOAMS* 

By J. T. DAVIES, M.A., D.Sc., M.I.Chem.E. 

(Dept, of Chemical Engineering, The University , Birmingham, 15) 

Introduction 

Foams have been of particular interest in the last few years, partly 
on account of the rapidly increasing industrial uses: they have 
become increasingly important in rubber preparations (foamed 
latex) and in tire-fighting (7), in which they have the double 
advantage that the density of the aqueous medium is reduced bv 
aeration and that the surface area is greatly increased (2), This 
enables the foam to tloat as a continuous layer on the surface of a 
burning organic liquid, preventing the evolution of inflammable 
vapours and presenting a large area for the absorption of radiant 
heat, which assists in cooling the surface and surrounding edges 
and consequently reduces vapour pressure. 

A recent study (3) of mass transfer in foams suggests that there 
may be future developments in commercial foam columns for gas 
absorption. In absorption one of the most important rate-control- 
ling factors is the area of contact between the gas and the liquid, 
and the large interfacial area in a foam, as high as 50 cm. 2 in 1 c.c. 
of foam, is about 50 times greater than in columns packed with 
Raschig rings. This advantage may be partly lost, however, unless 
the stirring within the foam is especially effective, because, as 
explained below, the effective viscosity of a foam may be rather 
high. 

Separation and purification bv foaming is becoming increasingly 
common. If a stream of gas is passed through a mixed solution, the 
more surface-active materials are preferentially removed in the 
foam (4). It is possible that proteins could be concentrated from 
biological fluids bv this mechanism. Rigorous purification of 
sodium lauryl sulphate and lauryl sulphonic acid lias been possible 
by foam fractionation (-5). In these materials slight hydrolysis 
alters the surface properties drastically, on account of the liberation 
of lauryl alcohol, which is adsorbed about 1000 times more strongly 
than the parent compound. Purification to a required level of better 
than 09-99% can therefore be suitably carried out by foaming, the 
first fraction of the foam, which contains the lauryl alcohol, being 
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discarded. I n the same way foaming of sodium, oleate carries off 
preferentially the oleic acid formed by hydrolysis (0). 

Other uses of foam separations are in the flotation of minerals 
and in the separation of organic and inorganic ions by surface- 
active agents. Anionic collectors for the latter separations include 
a-sulpholauric acid, while, for separating dyes, cationics such as 
laurylpyridinium chloride and quaternary derivatives are used. 
With successive small additions of the cationic derivative to a 
mixture of dyes in water, a good separation of the dyes may be 
achieved in the foam (7). 


Factors determining foam stability 

A foam can never be thermodynamically stable, since, once the 
sheet of liquid is ruptured, it must break into drops with a lower 
total surface area and therefore with a decreased free energy of the 
system. Nevertheless, although foams from pure liquids and gases 
are highly unstable (life of less than 1 sec.), suitable surface-active 
agents can stabilise a foam almost indefinitely. In considering the 
action of these stabilising agents, several factors must be con- 
sidered ($), of which the most important in the early stages is the 
drainage of liquid from the foam, with consequent weakening of 
the structure. Some foams, even when most of the surplus liquid 
has drained away, may still be fairly stable, the air bubbles 
being separated by liquid sheets of thickness of the order 200- 
2000 A. Stability now depends on the resistance of these thin liquid 
films to further thinning by chance shocks: if the lamella is thinned 
to about 50 A, molecular forces of attraction cause rupture. 
Further, the foam stability is reduced by growth of the larger 
bubbles at the expense of the smaller, which occurs by diffusion of 
gas through the liquid films, because the excess pressure in a small 
bubble is higher than that in a large bubble. The latest views on 
each of the factors responsible for foam stability are now con- 
sidered, assuming a certain mean bubble size. Long-range forces of 
attraction do not appear to be important. 

(i) Drainage rate 

The drainage rate is the rate at which liquid drains from a foam 
whose lamellae are not breaking during the process. Drainage 
occurs under the action of gravity or of surface tension; the latter 
process involves liquid being drawn into the plateau borders 
between bubbles. Foams of common detergents as well as those of 
proteins show considerable drainage of liquid, which reduces the 
stability of the foam considerably, by thinning the liquid sheets to 
such an extent that they arc easily broken. 

If V is the volume of liquid drained out of the foam after a 
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time /, the rate of gravitational drainage should be given (0) by 

dl’/df = *Br,tBl+ (1) 

where the amount of liquid drained from the foam should approach 
V 0 (the total amount of liquid in the foam) as t becomes large: this 
means that the amount of liquid held in the fully drained lamellae 
in the foam must be negligibly small. This equation involves only 
a single arbitrary constant, and fits diverse types of foam reason- 
ably well. The constant B is clearly a measure of the initial 
drainage rate: the values of B found by comparison with experi- 
ment decrease markedly with increasing expansion and viscosity 
of the foam, as expected. Agreement of equation (1) with the 
drainage from a slower draining foam, for example that from 
protein hydrolysate, is better than that with the faster draining 
foams (see reference 5). This is to be expected in view of the 
assumption of infinite surface viscosity which was required in its 
derivation. The value of B varies approximately inversely with the 
expansion of the foam. 

According to the theory used in the derivation of equation (1), 
the constant B should vary directly with p.r it the bulk density and 
viscosity of the liquid. Foams from viscous liquids, for example, 
should have low values of B, i.e., the drainage should be slow: 
experimental studies (10) of the average life of the liquid in the 
foam (proportional to I B) as a function of liquid viscosity and 
density confirm that there is a linear relationship with \ p for both 
oil foams and aqueous foams. The effect of the surface viscosity of 
the stabilising film is more complex: in deriving equation (1) it is 
assumed that the surface viscosity is always so high that the 
formula for the flow of liquid between stationary plates is valid, 
i.e., that the gas-liquid interface is effectively solid. This assump- 
tion appears valid for protein films, but not for detergent mono- 
layers. 

(ii) Diffusion of air across liquid lamellae 

In a column of foam the small bubbles will tend to decrease in 
size, and the large bubbles to grow, because the gas pressure is 
higher in the smaller bubbles. The mechanism of transfer of air 
from the smaller bubbles to the larger is by dissolution in, followed 
by diffusion through, the liquid lamellae separating the bubbles. 
A good example is provided by a foam made from Teepol solution : 
after 15 minutes the total number of bubbles is only 10% of the 
initial number, although no rupture of the liquid films has 
occurred (//). This striking effect is caused by the rapid thinning 
of the liquid sheets in foams from Teepol and other branched-chain 
compounds, the rate of diffusion of gas through the liquid sheets 
varying inversely with the thickness of the sheet. Further, 
Kitchener & Cooper (12) point out that the growth of the large 
bubbles may be followed by mechanical rearrangements of the 
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bubble clusters, with the consequent possibility of mechanical 
shocks. 

Experiments with single bubbles (13) have made possible 
measurements of the permeability to air of the liquid lamellae- 
recalculated values (8) are of the order 10 2 cm. seer 1 , correspond- 
ing to diffusion through liquid films whose thickness (h) is of the 
order 5000 A. Drainage of the lamellae below this order of the 
thickness h is very slow in these experiments with single bubbles 
below a plane surface. 

(iii) Thickness of the electrical double layer 

If the lamella of liquid is bounded by two charged monolayers 
(e.g., of long-chain sulphate ions), it may resist further thinning 
below a thickness h x , reached after long drainage. The electrical 
repulsion between the bounding monolayers may thus stabilise the 
lamella against moderate shocks. 

Although (the electrical potential of each monolayer) will 
determine the gas pressure required to reduce the lamella to any 
required thickness, as a simplification one may assume (14) that 
the mean thickness ( 1 /*) of the ionic double layer associated with 
each charged monolayer determines the thickness of the lamella. 
Further, it is assumed that each ionic double layer extends (14) 
only to a distance 3. k into the liquid and that the lamella is under 
a relatively low excess pressure from the gas in the bubbles; this 
distance corresponds to a repulsive potential of only a few milli- 
volts. Thus, at about 1 atm. pressure, 

h. A -- 6/,+S X (monolayer thickness) (2) 

For charged monolayers adsorbed from 10~ 3 x-sodium oleate, the 
final total thickness (A x ) of the aqueous layer should thus be of 
the order fiOO A (i.e., fi V or 18; Vr A) : to this is added 60 A for the 
two films of orientated soap molecules, giving a total of 660 A. The 
experimental figure (IS) is about 700 A. With NaCl added to a 
concentration of 10 3 n. the estimated thickness is 490 A (experi- 
mental about 420 a); with 10 2 n XaCl the figures are 240 A and 
280 A, and with lO^N-XaCl these become 120 A and 120 A. For 
Aerosol-OT (dioctyl sodium sulphosuccinate) of ionic strength 
approximately 10 2 n, the estimated thickness of the liquid film is 
240 A (experimental value-240 A) and, with 10-*x-NaCl present, 
190 A, which again agrees with experiment. 

At higher values of the gas pressure the thickness A x decreases 
below the values given by the above approximation; the h^ i's. 
pressure isotherms agree with the results expected from a full 
analysis of the diffuse electrical double layer (15). 

(iv) Surface viscosity and yield values 

In addition to reducing the draining rate, the surface and bulk 
viscosities cushion the thin liquid films against mechanical, 
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thermal or chemical shocks. For a given shock, the relative increase 
in the area where thinning occurs will be written and the above 
factors reduce this shock area. The highest foam stability is 
associated with appreciable surface viscosity and yield values, 
while solutions yielding foams of very poor stability show very low 
surface viscosity (13). Teepol and other branched-chain compounds 
have very low surface cohesion, and their foams show rapid 
thinning, whereas the materials of higher surface viscosity (potas- 
sium laurate and proteins) have longer drainage times. 

Whether an enhanced surface viscosity is a necessary condition 
for foam stability, and, if so, what is the minimum requisite value, 
have yet to be decided. The sensitive ‘surface traction' type of 
surface viscometer (5) would be necessary for studying the lower 
surface viscosity limit. Clearly, however, surface viscosity is not a 
sufficient condition for foam stability: cetyl alcohol gives highly 
viscous monolayers but does not stabilise foams. 


(v) The restoring effects of surface tension 

These were recognised by Marangoni (1871) and by Gibbs (1878) : 
the stability of a liquid film must be greatest if the surface tension 
strongly resists deforming forces (16, 17). Suppose that (in spite of 
surface viscosity) some shock has suddenly extended the local area 
of the lamella by the factor j. This induces a surface pressure 
gradient to the thinned region from the rest of the surface, i.c., the 
monolayer tends to spread back into the extended region. If the 
latter is relatively small, the change of surface pressure A n is 
given for each of the boundary monolayers by 



where A j and A 2 are respectively the available areas per long-chain 
in the original and in the extended parts of the surface. Hence 

ji! - -MHXt; -■) - -' i ‘(B)/ , - ,) tv,( ’- i) 

where j is the area extension factor as before. Note that the term 


A 



is the surface compressional modulus of the monolayer, 


denoted C s _1 . For a large restoring pressure, A II, this modulus 
should be high. In the extended region the local reduction of the 
surface pressure to FI— A n results in a spreading of molecules 
from the adjacent parts of the monolayer (at a pressure II), to the 
extended region, the rate of increase of pressure in this extended 
/> n\( s P read;n S> 

region being f — j . This differential will be increased by 


low surface and bulk viscosities. The spreading of the adjacent 
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monolayers into the region extended and thinned by the shock will 
stabilise the lamella because the monolayers will carry with them a 
layer of the adjacent liquid (up to 10’ 3 cm. thick), so opposing the 
thinning due to the shock. Evidently certain of the factors con- 
trolling foam stability oppose each other (i£): a high liquid or 
surface viscosity makes the drainage rate slower, but once thin 
films have been formed, a high viscosity will delay transport of 
liquid back into a locally extended region. Further, during the 
time interval At the depleted monolayers in the extended region 
of the liquid film will partially replenish themselves by further 
adsorption from the adjacent liquid, increasing the pressure by 
An\ (adsorption) 

. Although such adsorption will restore the 

surface tension in the thinned region, it transports no liquid to the 

(>. n\ (Sorption) 

— J is greater at high 

concentrations of surface-active agent (#), the lower foam persist- 
ence often observed at the higher detergent concentrations is thus 
explicable. An ingenious way of measuring the elastic properties 
of lamellae consists in forming these across the hair-spring from a 
pocket watch. The damping of the vibrating spring is a measure of 
the effect of surface tension changes and of the mechanical proper- 
ties of the surface films (19). 


Summary of foam stability 


For a foam of given mean bubble size (14) 
Stability * f[ 


f* « cr l 

/d 1I\ (spreading) 

/J) |j\ (adsorption) i 

)*• b'-'t ' 


\7*/ J 


■(4) 


where h depends on the rate of drainage and hence on the surface 
and bulk viscosities and yield values, and after a long time reaches 
a limiting value dependent on the ionic strength. For stability, 
h should always be as large as possible, to resist shocks and to 
reduce air diffusion from the small bubbles. The term; is the local 
extension ratio of the area of a lamella due to a given thermal or 
mechanical shock; it will be reduced, and the stability thereby 
increased, by high surface and bulk viscosities and yield values. 
The compressional modulus CV 1 of the monolayers should, for 
stability, be as high as possible : this assists rapid flow of the mono- 
layers (and some bulk liquid) into the extended region of the 

fo nV spreadin ^ 

lamella. This monolayer flow-rate is measured by ( -rr j 


it should be as large as possible, which requires low surface and 
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bulk viscosities in addition to a high compressionai modulus of the 

monolayer. The rate of adsorption, measured by ( ^-0 

should generally be low, so as to allow time for spreading to occur; 
if, however, the lamella thickness is of the order and spreading 
is very slow, a high rate of adsorption could thicken the extended 
region. 

Foam stabilising additives 

If small amounts of lauryl alcohol are added to sodium laurvl 
sulphate, the foam produced is much more stable. Typical values 
are 70 min. for the life of a foam from pure sodium lauryl sulphate, 
and 825 min. with sodium lauryl sulphate containing 1% of lauryl 
alcohol. Lauric-isopropanolamide and other similar substances act 
in the same way (20). 

Whether these foam-stabilising additives act by altering the 
surface viscosity and yield point of t lie adsorbed monolayers is thus 
of interest. The surface viscosities are low (lO' 4 to 3x 10 3 surface 
poises), but they can be studied with the ‘viscous-traction’ instru- 
ments (#). With it, the effect on surface viscosity of very small 
amounts of additives can be studied in relation to foam life. A 
convenient solution for this purpose is 0T% sodium laurate at 
pH 10 in distilled water ( 21 , 22 ). Unlike laurate at lower pH values, 
this shows no appreciable foaming without additives, due to the 
fact that there is no lauric acid produced by hydrolysis at this 
high pH. The surface viscosity of this solution is too low to be 
detected, and the foam produced by intense hand-shaking lasts 
only about 3 seconds. 

On the addition of very small amounts of foam-stabilising 
additives, in particular lauryl alcohol and lauric-isopropanolamide, 
the foam life increases drastically, with a concomitant rise in 
surface viscosity ( 22 ). The increase in foam stability occurs at 
about the same concentrations of additive as does the rise in surface 
viscosity. This suggests that at these low concentrations surface 
viscosity is a primary cause of the increased foam stability, but the 
very great stability at higher additive concentrations is not the 
result of a corresponding increase in surface viscosity: it may well 
result from high surface yield values and compressionai moduli. 

For a given increase in surface viscosity, lauryl alcohol is more 
effective in stabilising foam than is the amide, although smaller 
concentrations of the latter are involved. The isopropanol residue 
in the long-chain amide makes the latter more lipophilic, and hence 
more strongly adsorbed from solution, so that the amide is effective 
in molar concentrations only about one-third those of the alcohol; 
apparently the alkyl-amide group has no specific effect. 


^ (adsorption) 
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The stabilising effect of phosphate ions ( 21 ) on foams from laurate 
at pH 10 remains obscure; it may lie in the increased adsorption of 
long-chain ions at higher ionic strengths, or in the sequestering of 
traces of polyvalent metal ions. 

Destruction of foam-foam ‘breakers 1 or ‘killers’ 

These arc substances which cause a local rupturing of the liquid 
film. They act by raising the surface pressure over a small region: 
from this region spreading therefore occurs, and as the film spreads 
it carries with it a layer up to 10 3 cm. deep, of the underlying 
liquid, thus thinning the film of liquid. This explanation, due to 
Ewers & Sutherland ( 23 ), shows the similarity in action of the three 
groups of foam breakers: solid or liquid surface-active materials 
other than the substance stabilising the film, liquid containing the 
foam stabiliser in higher concentration than it is present in the 
foam, and vapours of surface-active materials. In each of these 
groups local adsorption leads to a surface-pressure gradient and, 
it the spreading is fast enough and can be maintained for long 
enough, the film is thinned to the critical distance of 50-100 A, 
followed by spontaneous breaking by mechanical shocks or thermal 
or diffusive molecular fluctuations. In general, the faster the 
molecules of the foam breaker can spread on the liquid film, the 
greater is the thinning and the greater the chance of rupture. For 
example, liquid 1 ,1-dihydroperfluorobutanol spreads faster on 
sodium lauryl sulphate solutions (4*6 cm. sec." 1 ) than does 
n-octanol (3'6 cm. sec. -1 ): the former material is also the better 
foam breaker (#). A strong solution of surface-active agent, con- 
centrated by evaporation and drainage at the top of a column of 
foam, may, as further bubbles break, become sprayed over the 
lower bubbles, and, spreading over these lower lamellae, may well 
rupture them. Similarly, vapours of surface-active liquids are 
adsorbed locally by convection currents in the air, again leading 
to spreading and possible rupturing of the liquid films. 

Anti-foaming agents — foam ‘inhibitors’ 

These are substances which prevent foam forming. For example, 
polvamidcs are very effective in boiler feed water, octanol is used 
in paper-making and in electroplating baths, while silicones, which 
arc becoming very widely and generally used, are effective in 
concentrations as low as 10 p.p.m. All these substances act by 
being preferentially strongly adsorbed without, however, having 
tlie requisite electrical and mechanical properties to produce a 
stable foam. 

Organic lubricant compositions are strongly foaming unless 
fluorinated hydrocarbons or a compound such as polymethyl- 
siloxane is present. These materials are strongly adsorbed at the 
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oil-air interface and act by displacing the foam-stabilising mono- 
layers. The rigidity of a monolayer may be destroyed completely 
by anti-foaming agents such as tributyl phosphate, with a con- 
comitant decrease in surface viscosity ( 24 ). This effect is also 
shown by 2-ethylhexanol and l-methyl-2-pentanol, which are 
effective anti-foaming agents for aqueous detergent solutions. The 
non-ionic reagent Span 20 (sorbitan monolaurate) prevents the 
foaming of egg-white, being strongly adsorbed similarly but con- 
tributing neither to the surface viscosity and rigidity, nor to the 
electrical double layer which might lead to liquid films of 'pseudo- 
equilibrium' thickness. 
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GAS AND DESTRUCTIVE DISTILLATION 


By A. V. SMITH, D.L.C. 

(South Eastern Gas Board) 

During the past two years the research programme of the Gas 
Council (i, 2) has concentrated on the development of more 
economic methods of gas production which can be developed into 
large-capacity units situated near collieries, oilfields or major ports. 
The gas produced in these units will often be at high pressure and 
thus suitable for distribution via the rapidly growing grid system 
which may eventually form a country-wide network. New tech- 
niques for purification and distribution must be developed, the aim 
being to produce a non-toxic, sulphur-free fuel attractive to both 
industrial and domestic, users. 

Since vesting date the increase in efficiency of gas production 
has meant that the coal requirements of the gas industry have been 
reduced bv the equivalent of 2| million tons. 

Coal used for gas making in 1959/60 amounted to 22,317,000 tons 
compared with 21,179,000 in 1958/59. The quantity of oil used for 
gas making continues to increase, being 750,000 tons in 1959/60 
as compared with 667,000 tons in 1958/59, 

Sales of gas have decreased. In 1959/60 they were 2,591 million 
therms as compared with 2,605 million therms in 1958/59, This 
decrease may be accounted for by higher mean yearly temperature, 
this being 2-0°f above average. 

Carbonisation 

In determining the nature of the process of carbonisation of coal, 
a knowledge of the structure and composition of the coal itself is 
obviously of fundamental importance. A considerable amount of 
work has been done in this held and new analytical techniques 
have been extensively used. Brown A’ Ladner (3) have used nuclear 
magnetic resonance spectroscopy to determine the hydrogen 
distribution of coal-like materials and have obtained results con- 
lirming earlier work with infra-red and X-ray analysis of the parent 
coals. It has been suggested by Bcrkowitz (^) that the kinetics of 
weight loss curves measured at a scries of constant temperatures 
are governed by a rate-determining diffusion process and that the 
decomposition reactions at any one temperature must be extremely 
fast. The experimental evidence is in good agreement with a simple 
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theoretical model. Ahuja et al. (5) have been concerned with the 
effect of reduced ring structures on the coking power of coals. 
From a study of chloroform extracts of coals and distillates 
obtained in a model still, Dryden et al. (6) have shown that the 
non-coking properties of coal are partly accounted for by the 
thermal instability of primary pyrolysis products. An interesting 
development in the study of the mechanism of coking is the use of 
photomicrography by Echterhoff & Mackowskv (7), who have 
obtained photomicrographs showing the coke, plastic zone and 
coke side by side. Ritter & Juranck (8) have made similar studies 
with a small, specially constructed laboratory apparatus in which 
carbonisation could be stopped at an\ desired time. It was thus 
possible to study under controlled conditions the effect of petro- 
graphic structure, rank of coal and speed of heating on the plastic 
state. The influence of the plasticity on the carbonisation behaviour 
of coal has been discussed with reference to the blending of various 
types of coal (0). Gvraznov & Petrov (10) have shown that in 
carbonisation under nitrogen gas pressure, increase in the yield of 
semi-coke is a function of the pressure and of the characteristics of 
the coal charge. By increasing the pressure, greater strength of coke 
from certain poor coking coals could be obtained. By adapting the 
Tuscaloosa oven Gayle cc Eddy (//) have shown that the coking 
time varies as the 1-ifl power of the oven width, although small 
changes and moderate variations of flue temperatures have little or 
no change on the coking properties. 

Production 

The larger number of smokeless zones has led to an increasing 
demand for a good domestic smokeless solid fuel. (iopal et al. (Ill) 
have described pilot plant studies on the production of soft coke 
by a travelling grate stoker rarboniscr. Controlled devolatilisation 
by a restricted supply of air from below the grate gives a high coke 
yield of good qualitv. Cerchar (18) have developed a fluidised 
process for production of a semi-coke or granular coke of very line 
quality. 

As a result of a growing shortage of good coking coals an in- 
creasing volume of work is being done on the complete gasification 
of coal. A pilot plant is being installed in the Bromley works of the 
North Thames Gas Board to determine the operating variables of 
the Rummel twin-shaft Slag Bath Generator (11). The powdered 
low-rank coal is flrst partially gasified in the presence of steam to 
produce water gas in one-half of the slag bath. The residual carbon, 
entrained in the slag, then passes under a dividing curtain wall and 
air is blown through the slag to gasify the coal completely and 
provide the heat of reaction for water-gas production. An instal- 
lation of the Lurgi process at Westfield (15) is the first of its kind 
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in Britain. A second installation of 45 million cu. ft./day output is 
planned for the West Midlands Gas Board at Coleshill. In the 
Sumitomo process (16) coal is gasified at normal pressures with 
oxygen and steam and a ferrous oxide flux, and slag is separated 
by an upward vortex prior to being collected at the bottom of the 
furnace and discharged at relatively low temperatures. 

The production of gas by the hydrogenation of coal or oil is an 
important feature of research. Birch et at. (27) have described the 
gasification of Yallourn brown coal with hydrogen in a fluidised-bed 
reactor and have shown that hydrogenation occurs in two stages, 
the first stage being fairly rapid and reaching completion when 
about 40% of the carbon content is gasified. The much slower 
second stage consists of the hydrogenation of residual carbon. 

A recent development is the use of nuclear energy in the car- 
bonisation process. The use of a powerful source of radiation 
(IS, 10) apparently assists the decomposition of coal into gases 
consisting chiefly of methane. In general, however, coal has been 
found to be remarkably resistant to neutron and y-ray bombard- 
ment (7.9). McGee (20) has described a joint A.K.C./U.S. Bureau of 
Mines research programme to determine the possibility of using 
nuclear heat in the process of coal gasification. This process could 
well be competitive with conventional methods of carbonisation 
and will possibly eliminate the need for compressed oxygen in 
complete gasification processes and also reduce coal requirements. 

Research on underground gasification is still proceeding, the 
most effective method being apparently that of producing a re- 
action path by the method of electrolinking (21). An interpretation 
of the physico-chemical principles involved in the underground 
gasification of coal by air in the experimental producers in Poland 
has been described by Dziunikowski (22). 

The use of oil and refinery gases for gas making continues to 
increase. At the Isle of Grain (23) the Segas process is now in full 
production and operations by the Shell gasification process will 
shortly he commencing. When the third stage is in operation the 
works will produce 72 million cubic feet of gas per day. A process 
for the reforming of oil refinery gas •without the deposition of 
( arbon has been developed (21), thus allowing gasification to be 
carried on continuously with a resulting increase in plant capacity 
of about 05%. The use of modified water-gas plant for reforming 
rclincry gas (25) is increasingly practised. 


Natural gas 

The search for natural gas in this country is still relatively un- 
productive, but the drainage of methane from collieries is producing 
a useful supplement to manufactured gas in several areas, notably 
the Afan Valley. This and other installations in South Wales arc 
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described by Myhill (20). Natural gas is also being used at Whitby 
(27). In the absence of large deposits of natural gas in Britain the 
vast resources of other countries may well be utilised in this 
country by development of sea transport (25). The costs of 
importing methane and oil for gasification have been compared 
(29). In France, the immense reserves of wet gas at Lacq have 
created problems of collection and purification, many of which 
have still to be solved (50). 


Distribution 

The transport of natural gas from Africa in large quantities for 
distribution into the network of mains in France has led to the 
consideration of a sea-bed main (57). The 500 miles of pipeline 
would be at a maximum depth of 9000 ft. and this would be the 
main difficulty, but the problems associated with this have been 
solved. 

The problem of gas storage is almost ubiquitous. Low-pressure 
storage in conventional holders is expensive in space and money. 
Crowther (32) has described the formation of an underground 
cavity in a natural seam of rock salt which will accommodate 
10 million cubic feet of gas (measured at s.t.p.) at a pressure of 
30 atmospheres. A project for the underground storage of butane 
at pressure has been described (33). 


Purification 

In order to produce a less toxic gas the removal of carbon 
monoxide is being increasingly practised (34). This results in a 
high concentration of carbon dioxide in the purified gas and a con- 
siderable portion must be removed in order to retain the combustion 
characteristics of the gas. The Giammarco Vetrocokc process (33) 
has been developed for simultaneous removal of hydrogen sulphide 
and carbon dioxide. Other methods for the removal of hydrogen 
sulphide include the use of an alkaline slurrv of basic zinc carbonate 
(36) for small quantities; a moving mass of ilmenite ore containing 
5% Portland cement and active carbon (37 ) ; the use of aqueous 
ammonia (55), and the use of materials produced in the manu- 
facture of anthraquinone dyes from coal tar (39) . The use of a 
suspension or solution of a copper compound in a hydroxide, 
carbonate or bicarbonate of an alkali metal has also been de- 
scribed (40). 

In order to obviate siphon pumping in the long stretches of 
transmission mains, some of which operate at a high pressure, the 
drying of gas is becoming of greater importance, and a refrigeration 
technique has recently been developed (34a, 41). 
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Analysis 

With the development of increasingly efficient purification pro- 
cesses and more elaborate techniques for the production of gas, 
new and more accurate methods of analysis are required. A 
sensitive method for the identification and determination of 
organic sulphur in utility gases has been outlined (42). The 
chromatographic analysis of gases has become increasingly im- 
portant, particularly as the ease and speed with which it may be 
carried out makes it an important tool in process control. Velut & 
Jourda (43) have described a method for automatic sampling and 
chromatographic analysis on two columns, one using a carbon solid 
phase and the other alumina and silica gels, the carrier gas being 
carbon dioxide. 

A new technique of fractional thermogravimetric analysis (44) 
has facilitated the study of the rates at which various volatile 
components are given off during coal carbonisation and also 
measurement of their cumulative yields. 
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Abrasive methods, to clean mineral 
surfaces, 72 

Abscess, amoebic liver, chloroquine 
treatment, *213 

Absorption, and mass-transfer co- 
efficients, 57 

infra-red, in mineral processing, 57* 
liquid phase, in packed columns, 57* 
Acediantlirone, red brown colour, 170 
Accnaphtherte, production of dye- 
stuffs intermediates, 148 
Acenaplithencs, 3-bromo-, 3-chloro-, 
4-chloro-, 4-bromo-, synthesis of, 

149 

2- Acetamldo-5- ilitrothiazole, effec- 
tiveness against trichomonal vagin- 
itis, 214 

Acetic add, phase systems with fur- 
fural-water. 572 

production by oxidation »f petrol- 
eum, 1 35 
use in bread, 4*0 
\ c<.-t one, industrial hazards, 581 
I 7 a-Acetoxv-Ua-fltioro-l 1 fj-liydroxy- 
lioc- methvlpregna- 1 ,4 -diene- 3,20- 
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cinoma, 252 

17 *- Aeetoxy-21 - tluuro • fi a- methyl - 
progesterone, formation, 251 

3- Aectoxy- 1 7fJ-bydroxy-17*-methy1- 
androsta-2,5 -dien -3-nne, activity 
ami structure, 252 

i 7 a - A r eta xy - fi - methyl - fi - Uehy dro- 
progesterone . formation, 251 
17 *- Acetoxy-»i* -methyl - Id-methyl - 
etie 'progesterone, formation, 251 
! 7 X - Acet oxy- fiat- methyl progester - 
one, n e\v preparation. 249 
;; Jj- At etoxvprrgnft-a, Ifi-diene- 1 1 ,29- 
dione, conversion to audrost-:>- 
enes, 255 

Acetvlacetone, solvent developer, 187 
.V - Acetylcapvolactam, polymerisa- 
tion, 304 

Acetylcholine, effect of /r/mcHiyl-ain- 
monium in animals, 222 
Acetylcholine, neural function. 232 
Acetylene, S.b.A. process, 135 
Aeotvlenic adds, fission of, 29 1 
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Acetylthiamine, neuromuscular 
effects, 221 

Acids, bitter, of hops, 520 
fatty, and derivatives, 290 
chemicals and oils from, 21)2, 428 
chemical intermediates, 428 
chemical reactions, 297 
components, in grass and silage, 
298 

crystalline, infra-red spectra, 2*2 
detection and determination, 283 
determination of, 284, 298 
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284 

with microphotomcter, 283 
quantitative, 2*3 
with potassium t-butoxide, 277 
diepoxide condensates, -129 
dimeric. 42* 
effect on media, 421 
essential in flour and bread, 4*5 
esters, gas chromatography of, 

spectroscopy, 282 
estimation in olive oil, 2*1 
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from fish oil, 73 
livdrogenation, 273 
hydroxy-, paper chromatogra- 
phy, 283 

in butter and margarine, 278 
in cow milk fat, 304 
in egg lecithin, 292 
magnetic resonance spectra, 297 
methyl esters, chromatography, 

thermal oxidation, 289 
microbial hydrogenation of, 302 
mixed, in sheep diet, 301 
monocthcnoid, oxidation, 289 
new polymer products, 4j2Jl 
of rumen, cattle bloat, 470 
physical properties, 297 
recovery front soapstock, 275 
solubility of methyl esters, 297 
irons-, determination by infra- 
red absorption, 277 
unsaturated. Mackey tests, 290 ^ 
ovgariic, of soils, separation of, 442 
of soil, thermograms, 442 
OX.V-, corrosion of steel, 114 



6b2 SUBJECT INDEX 


Acrylamide, availability and uses, 390 
Acrylamide- (J-methacrylainidoamino- 
acid betaine, copolymers, for photo- 
graphy. IS2 

Acrylates, sources for resins, 390 
Acrylic esters, C.S. A. consumption of, 
392 

Acrylic fibres, in papermaking, 343 
Acrylic moulding powders, produc- 
tion and use, 381 

Acrylic sheet, world production and 
uses, 381 

Acrylonitrile, plasticiser formation, 
‘294 

Actinomycetes, antibiotic substances 
from, 507 
aquatic, 540. 550 
in water pipes, 547 
nomenclature, 547 
Actinophages, in soil, 507 
1 7 - Acyloxy- 2 1 - fiuoro- steroid-3, 20- 
diones, 16-methyl , 236 
Acyloxypropionic acid, acrylates 
from, 390 

Adenine, beer antioxidant, 52 1 
Adhesion, of bubbles to minerals, 72 
of thin films, 131 
piy, in papermaking, 338 
to glass, 59 

Adhesives, amino resin-polyvinyl- 
acetal. 389 
and sizes, 394 
epoxy, for repairs, 50 
for polystyrene, 41 1 
for vinyl copolymer plastics, 430 
PF, for plywood, 385 
phenolic, 385 

resinous, for woodwork, 3<>3 
and additives, 383 
U.F. resins, for woodworking, 385 
IS. F.-polymethylenetctramino con- 
densates, 389 

U.F.-starch, in paper conversion, 
386 

Adipic acid, glyceride esters, 291 
Adrenocortical activity, materials 
affecting, 478 

Adsorption, behaviour of kaolinitic 
clays, 40 
driers. 428 

kinetics, surface films, 594 
liquid films, mathematics, 393 
Aerex, liquid explosive, 207 
Aerodynamic heating, stability, 205 
Aerosol-OT, f See Dioctyl sodium sul- 
phosuccinate), 591 

Agranulocytosis, in drug studies, 237 
Agriculture, chemicals, in food, test- 
ing, 580 


Air, diffusion in small bubbles, 593 
effect on glass surface tension, GO 
Air blast, in cement manufacture, 3g 
Air pollution, by sulphur and am- 
monia, 120 

Aircraft, refractory metals for, 102 
Airfields, bitumen binders for, 48 
Alanyl-(3'-[5-adenylylj)-5'-urid\iate, 
in yeast, 523 

Albiccia lebbek, acids of oils, 296 
Albumin, serum, fractionation on 
cellulose, 261 

Alcohols, aliphatic polyhydric, paper 
impregnation, 3S6 
fatty, linseed and soya-bean poly- 
mers from, 126 

production from petroleum, 136 
fluorine-containing, preparation of, 
136 

production by respiratory-deficient 
yeasts, 523 

refining of fats, oils, 275 
secondary, oxidation to hydrogen 
peroxide, 29 

Alcopar, (5Vr Beplienium hydroxy- 
naphthoate), 213 

Aldazine, conversion to hydrazine, 31 
Aldehydes, determination. Lea’s 
method, 290 

fatty, chromatography, 2*3 
long-chain, reactions, 297 
production, from aromatic hydro- 
carbons, 147 
from methanol, 137 
1 3-Aldehvdo- 1 8-nor- l-pregnene-3,20- 
rlione, 236 

Aldosterone, preparation, 2 19 
Algae, marine, antibiotic production, 
542 

Algicides, swimming pools, 519 
Alginates, adhesives, 386 
as photographic media, 167 
Alkalis, caustic, corrosion of steel, 1 11 
Alkali chlorides, corrosion, 127 
ohlorotitanates, 34 
dithionites, dehydration in carbon 
tetrachloride, 26 

hydroxides, corrosion by, 117, 127 
silicates, from sand salt mixtures, 27 
Alkali metal, cyanides, continuous 
process for, 27 
ferrates, 27 
fluozirconates, 27 
sulphonatcs, photographic ma- 
terials, 183 

Alkaline earth, silicates, pelletising, 33 
zirconates and titanates, 34 
Alkaline thioglycollate, reagent for 
wool damage test, 361 
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Alkaloids, autoradiographic studies 
220 

biosynthesis, theory, 322 
muscle -relaxant activity, 221 
Alkanes, and liquid oxygen, ex- 
plosives, 206 

Alkoxides, isomerisation of, 277 
/>-Alkoxyazo compounds, phototrop- 
ism, 162 

Alkoxybcnzarnides, neuroplegic pro- 
perties, 238 

1 * 3 - Alkoxycarbonylcthylamino - I - 
hydroxy-anthraquinone, for dye- 
stuffs, 170 

Alkoxydiglycerides, of dogfish liver 
oil, 296 
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laxants, 224 

Alkyds { See under Resins). 
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Alkylaminc acetate, caking inhibitor 
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sation. 364 
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control of Eiweria letiella infections, 
214 
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migration of, 148 
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neuroplegic properties, 238 
Alkyl methacrylates, commercial 
availability, 379 

Alkylmcthyl methacrylate, polymers, 
photography, 180 
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.V-Alkvlpvrrolidone, purification of 
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Allergens, isolation from pollen, 264 
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characteristics, 1 1 1 
magnetic properties, symposium 
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Alloy compositions, stress-corrosion, 

116 

Alloy ingots, techniques, 102 
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426 

Alumina, cell-grade, recovery from 
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comparative production costs, 81 
leaching from slags, 33 
production, gallium separation, 91 
sintering, 65, 69 
systems with silica, 68, 70 
thermal reduction, 90 
^-Alumina, in silicate systems, 68 
y-Alumina, formation of, 65 
spinel structure, 63 
Aluminate liquor, filtration diffi- 
culties, 81 

Aluminium, anticorrosive pigments, 
423 

corrosion of, 129, 130 
alkaline, 126 
in water, 126 
in water vapour, 126 
pitting, 129 

corrosion inhibition, 125 
corrosion products, 130 
determination in bauxite, 8 
diffusion in Nimonic alloys, 100 
from minerals, 81 
in bisulphate melts, 124 
in explosives, 206 

with liquid oxygen, 205 
metal losses, Hail process, 90 
polymer with silicon, 399 
production and consumption, 3 
pure, corrosion resistance of, 82 
extrusion pressures, 10 1 
preparation, 84 
reduction, gas composition, 90 
of ferric salts, 78 

reduction cells, fluorocarbon, for- 
mation, 90 

polarisation studies, 81 
r61e in soil acidity, 449 
super-pure, production of, 82 
tensile creep, 96 
tin content, 130 
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Aluminium alloys, copper traces, re- 
lated to corrosion resistance, 118 
corrosion, 128 
with magnesium, 93, 118 
with uranium, corrosion, 127 
Aluminium alkoxide, hydrolysis to 
alcohols, 137 

benzoate, stabilisation of pigments, 
172 

bisulphitepulp, colour and strength, 
336 

chloride, catalvst for isomerisation, 

143 

from alloys, 31 
liquor production, 34 
compounds, organic initiators, 383 
hydroxide, active, in paper in- 
dustry, 344 

salts, preparation from clay, 34 
silicate, carrier for nickel catalyst, 
276 

stearate, oxidation, 197 
sulphate, corrosion of steel, 1 14 
treatment of wool fibres, 356 
triethvl, effect on rubber latex, 
309 

tri-isobutyl, Ziegler catalyst sys- 
tems, 3139, 314 

Aluminium paint, corrosion-resist- 
ance, 131 

Aluminium sheet, coated, for photo- 
graphic process, 188 
Aluminium welds, corrosion of, 131 
Amberlite 1RC-50, absorption of pro- 
teins, 260 

Amicarbalide (See 3.3'-Diamklino- 
carbanilide dl-isethionate, 215 
Amidines, treatment of babesiasis, 
211 

Amine oxide, tertiary, polymerisation 

catalyst, 391 

Amines, aliphatic , reaction with tn - 
nitrobenzene, 207 
aromatic, colour stabilisation, 1 15 
corrosion, 127 

diazotisablc compositions, 155 
diazotisation process, 146 
hvdfophobising soil, 48 
rubber antioxidants, 312 
Amine oxidase inhibitors, clinical 
uSes, 234 

Amino-acids, colour reactions, 320 
composition and structure in pro- 
tein fibres, 353 

co-ordination with chromium, 323 
fermentation products, beef fla- 
vour, ?>24 

for tissue cultures, 552 
free, extraction from soils, 447 
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Amino-acids — continued 
from soil and rhizosphere isolates, 
566 

in ivooI protein, 360 
of decaying leaf litter, 441 
of flour, effect of extraction and 
wheat type, 485 
fthizobium cells, 665 
supplementation, essential for low- 
value foods, 486 
of cereal proteins, 485 
Anunoacedianthrones, condensation 
with dichloroanthraquinones, 170 

1 -Amino-2-alkoxy-l-ethoXycarbonyl- 

amino-antliraquinones, affinity for 
cellulose acetate, 169 
Atnirtoalkylhydrazines, derivatives, 
neuromuscular activity, 225 

2 - Amino -7- (2- ainino-O-inethylpyri - 

midim4-yl-aramo)-9-p'aiiiinophen- 
ylphenanthvidine 1 0, T - dimetho - 
bromide, (Prothidium). treatment 
of trypanosomiasis, 213 
1 Amino -4 ‘ - {p - aminophenoxy) - 
diphenyl ether, intermediates for 
fibre dyestuffs, 148 
1-Aminoanthraqmncine, reaction with 
phthaloyl chloride. 171 
Aminoanthraquinones, formation of 
linked dyestuffs, 170 
f -Aminoanthraquinones, formation of 
yellow pigments. 170 

1 - Aminoanthtaquinone - 2 - carboxylic 

ac ids, formation of red dyes for 
fibres, 171 

2 - Aminobenethiarolrs, formation of 
disazo dyes, 165 

Aininoborazanes, propellant fuels, 
198 

2 - Amino - 3 - brortioaiUhraquinonc, 
condensation to indaiHhrone, 1/0 
1 -Amino -4 - bromoanthraquinone-2- 
sulphonic acid, blue dyes for wool, 
1 69 

2 - Amino - 4,5-dialkoxy - 2' - alkvlsul 
plmnyl-a/.obenzene, for colour prin- 
ting, 165 

Aminocthylthiolirea, conversion to 
mercaptoethylgunniiline, 258 
AminogUanidine, di- and t ri- , salts, 
gas prodm ing explosives, 267 
photographic products, 184 

) - Amino 1 4 - hydroxyanthraquinuiie, 
dispersed dyes for synthetic fibres, 
169 

6 - Amino- 8 - hydroxy quinolines, new 

compounds, 151 

6- Aminoindazole, formation of nnii- 
rlazolium dye*, 165 
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i - Aniinomcthykyclohexanccarbox - 

ylic acid, eopolyinerisation with 
c aprol act am , 36 1 

3 - Amino - methyl - 2 - furfuryl amine, 
preparation, 365 

0 - Amino - 3 - mcthylpyrazoles, im - 
proved preparation, 151 

A minonaphtholsul phonic, acids, 
coupled reactive dyes, 104 
! - Amino *2- (1,3,4 - oxadiazol -2-yl}- 
anthraquinone, red dyes, 171 

0- Aminopelargonic acid, production 
of 9-nylon, 363 

(i-Aminopenicillanic acid, isolation of 
large quantities, 200 
t- ( p - Aminophenvl}- a- ethylglutarim- 
ide, pharmacology and structure, 
234 

;; * Amino - 1 - phenylpvrazohnes, for- 
mation of derivatives, 151 
]-ui-Aminophenyl-2-pyridone, (Dorn- 
wal) pharmacology, 237 
Aaiinophthaloylacridones, formation 
of linked dyestuffs, 1 “0 
Aminuplastics, developments. 3x4 
sales I960, 377, 37s 
surface coatings, 3 HI* 

\mi nopoly borazoles, formation, 398 

1 - ( 1 • Amiiio-2 -propyl -ri-pyrimidyl- 
methyl) -2-pieolinium chloride hy- 
drochloride (Amprolium), effective- 
ness against Eiweria tenclla infec- 
tion, 214 

1- Aminopvra/.olcs. formation. 131 

i- Aininopyrine, antagonism of suxa- 
methonium, 220 

/-Aminosalicylic acid salts, ohemo- 
th'Tapy of tuberculosis, 21 1 
Arniiiost vrrne methaervlic acid, co- 
polymers, -lit* 

'-.‘-Amiiioi Inazoles, as <liaz<» compo- 
nents, llio 

bmnonia, aqueous, removal of hv- 
drogen sulphide from gas, 600 
as rubber latex staluliser, 308 
atmospheric pollution, 121 
direct mn version to anhydrous 
hydrazine, IS 

from ammonium sulphate, 2f* 
production, and fertiliser applica- 
tions, -lab 

from oil , f Hillingham plant, 
17 

Solvay soda process, linking, 27 
synthesis from furnace gases. 29 
in chemical technology, 29 
s yn thesis industry. 2'.* 
bnrminia-oxygrn, rocket fuel. 205 
bnmenium, fixed, in rocks, I to 


Ammonium — continued 
soil, fixation evidence. 443 
Ammonium acid phosphate, cyclic 
process, 27 

bicarbonate, processing of coJeman- 
ite, 20 

borate, production of boric acid 
from, 20 

carbonate, elution of thorium from 
monazite, 78 

chloride, corrosion of zinc, 126 
crystallisation, 30 
dialkyldithiophosphates, as rubber 
antioxidant, 313 

diamidophosphate, formation, 31 
di tin ocar bam ate, activity as pro- 
tectors, 258 

ferrous sulphate, reagent for gall- 
ates, 280 

fluoride, fusion, for beryllium 
separation, 0 

hydroxylammodisulphonate, for- 
mation, 31 

linoleate, autoxidation compounds, 
286 

nitrate, as propellant, 107 
by Solvay process, 29 
caking inhibitors for, 30, 200 
corrosion of steel, 114 
expanded use in compound fertil- 
isers, 449 

explosive, initiation, 200 
gas production from, 206 
granulated, formation, 30 
high-density. 206 
mixtures with fuel oil, as civil 
explosives, 199 
as rocket propellants, 192 
monopropellants, 205 
production, and storage, 30 
fertilisers and explosives, 18 
in Europe. 17 

output and fluid handling, 449 
rocketdyne propellant, 205 
thermal decomposition, 197 
nitri lo.su Iphonate formation, 29 
perchlorate, as rocket fuel, 16, 
197 

decomposition mechanism, 197 
rhodamide-animonia, formation of 
melamine, 389 

salts, as nitrogen fertilisers, 17 
i m pregnat ion of resins, 386 
sulpha mate, conversion to guanid- 
ine nitrate, 200 
production, 30 

sulphate, ammonia and sulphur 
oxides from. 25 
as nitrogen fertilisers. IS 
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Ammonium sulphate — contin ued 
catalytic oxidation to sulphuric 
acid, 24 
from gases, 24 
new preparation, 29 
production. 29 
spoiling of paint. 120 
treatment of leucite rock, 32 
thiocyanate, production of mela- 
mine, 384 

Ammonium fertiliser, excessive use on 
beet, 40b 

Ammonolvsis, oxidative reactions, 

uir* 

Amnion cells, human, submerged 
culture, ;>56 

Amodiaquin. treatment of PlasmoJi- 
uni vicar infection, 214 
Amoebiasis. drugs for, 212, 219 
symposium, 219 

Amphenidone (See 1-Mi-Aminophenyl- 
2-pyridono), 237 

-/-Amphetamine, effect on tuhocura- 
rine action, 220 

Amphetamines, nervous system 
stimulants, 237 

Amvlase, formation, induced in endo- 
sperms by GA, f>20 
Amvlopectin, in I F adhesive resins, 
380 

Amvlose stearate, incorporation into 
margarine, 276 
Anaerobes, .V>o 
Anaesthesia, 232 
Anaesthetics, intravenous, 233 
Analysis, biochemical methods, 2" I 
determination of saponification 
value, 339 

methods, recent advances in oils 
and fats, 276 
svmposium, 7o 
of tra-f elements in rocks. 7 
AT-rav fluorescence, for elements in 
moment materials, 3 m 
spectpielumical. of t*k ks, minerals, 
ores, L’.S. Bureau of Mines, 7 
vacuum fusion compared with iso- 
tope dilution, 92 

Androstane compounds. 17-hydroxy- 
pregnanes from, 236 
Androst-o-ene, formation of inter- 
mediates, 255 

A ll *Androsten-17-ones, ultra-violet 
spectra. 2b6 
Anhydrite, foam, 44 
.V.V - Anhydrobis - - hydroxyethylj 

higuanidc hydrochloride. efle«,t on 
influenza, 21 ) 

Aniline, K»'» 


Aniline — continued 

as solvent for dyestuffs, 12 
production of compounds, 1 40 
Animals, copper deficiency and its 
prevention, 473, 474 
domestic and wild, toxin hazards, 
5S4 

sources for cell cultures, 5D3 
Animal diseases, vaccines for, r>i>f 
Animal feeds, bloat-reducing, 476 
concentrate levels for calving, 469 
for milk quality, 491 
liver copper values from molyb- 
denum. sulphur factors, 473 
rearing rations for milking herd, 
467 

ruminants, lipid concentrates, 299 
Animal nutrition, and environment, 
1 66 

trace minerals, 470 
Anorthosite, recovery of alumina 
from, *>1 

Anthelmintics, 477 
action and uses, 220 
Bcphenium salts, Trolene, Neva* 
gon, for sheep, 220 
i. vanacethvdrazide, reports, 17s 
< >rgan< (-phosphorus compounds, 477 
phenothiazine, 177 
Authocyanogens, barley, late i:i 
malting. 7»2o 
removal from beer, 7*24 
Anthracene, reaction with trinitm- 
ben/cne, 2o7 

Anthracenes, absorption spectra, 1 '**; 
Anthracene - 9 - aldehyde, condensed 
with polyvinyl alcohol, photo- 
sensitive c oatings. 1 ms 
A nthracite, processing of nickel, 80 
Anthradipvridazone, fluorescent com- 
pounds, 1 7*7 

Vnthranilii a< id, dyc.itufl iomp«>n- 
ent>. 14* 

Anthranilic acids, .Y-alkylated, stal'd 
liters for dia/onium salts, 1 67* 
Anthraquinol, alkylated or arylati.u. 
production of, 119 

Aiithraquinonc.photopolvmensaticn. 

1 19 

process lor hvdrogen peroxide, 

29 

Anthraquinones, large-scale produc- 
tion of hvdrogen peroxide from. I 1 ' 
Anthraquinone-acridones, 1 72 
Authraquinone azoic pigments, I A 

1 ,4- Antliraquinonedioximu, bisulphite 

adducts, 149 

Anthraqiiinoncdisulphonic acid, 
tion with hydrogen sulphide, ! ' 
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Anthraquinone dyestuffs, 169 
coal tar, removal of hydrogen sul- 
phide from gas, 600 
disperse, 170 
vat. 172 

with carbazolc, 172 
Antibabesial compounds, M & B 
5062 A, 480 

Antibiotics, activity against Eimeria 
tenella, 479 

against faecal streptococci, 47G 
dietary, and resistant Salmonella in 
chicks, 476 

economics in tissue cultures, 552 
effects, in chicken feeding, 53.4 
in drinking water, 534 
growth stimulants, dairy cattle, 
47G 

non-medical uses, 532 
stimulant for milk production, 476 
Anticholinesterase activity, com- 
pounds, 224 

Anticoccidial drugs, 478 
Anticonvulsants, 234 
Antimalarials, 377-C-54, therapeutic 
response, 219 

Antimony, addition to zircaloy, 119 
metallic, reduction of titanium 
tetra fluoride, 34 

Antimony compounds, in flame- 
pruofmg polymers, 403 
treatment iff schistosomiasis, 215 
Antimony ax - ffimercaptusua inate, 
treatment of bilharziasis, 215 
treatment of trvpanosomal in- 
fections, 213 
oxide, infra-red glass, 52 
sulphide, roasting of concentrates. 

Antimony ores, fluosolid roasting, 75 
roasting of. *9 

Anti-mould agent, in bread. 486 
Antioxidants, alkyl gallates, for 
foods, 2 -SO 

and synergists, emulsion systems, 
286, 287 

com pie xomr trie determination, 284 
determination of, 290 
for beer, 524 
for dried fish, 51 1 
for fats and oils. 287 
for fish meal stocks, 513 
for oil esters, 287 
for polymers, 370, 4 1 1 
in conservation of olive oil, 290 
phenolic, efficiency in emulsions, 
287 

estimation of, 284 
stabilisation of vegetable oils, 290 


Antioxidants — continued 
wood smoke, 511 

Antitrypanosomal compounds, 479 
Antron, fabrics from, 364 
Antrycide, sensitivity of trypano- 
somes to, 480 
Ants, attack on skin, 321 
Apium graveolens, components, 296 
Apnoea, connection with neomycin 
sulphate, 221 
from drug effects, 227 
Apomorphine, antagonism of suxa- 
methonium, 226 

Apparatus, cell cultures, 553, 555 
for drainage measurement, 351 
for margarine production, 276 
Apples, bitter-pit, and nutrient status, 
460 

spray treatments, and effects on 
chemical composition, 460 
cuticle oil, acid components, 296 
diseases of, 506 

estimation of diphenylamine resi- 
dues on, 506 

ethylene production, limits of, 504 
molybdenum-deficiency in seed- 
lings, 461 

sea transport in large containers, 
504 

storage, conditions and gas mix- 
tures, 503 

effect of XPIv nutrition on 
injuries, 506 

Apple trees, foliar sprays, of mag- 
nesium, 462 
of TIB A, 463 

seasonal changes and distribution 
of mineral elements, 457 
seedlings, Mycorrhiza in roots, 568 
urea spravs for increased leaf-N, 
463 

Araboxylan, structure in pine pulp, 
349 

Arachididic acids, in grass, 298 
Arachidonic acid, in fats, 293 
Arachis oil, spraying of pastures, 305 
treatment of cattle bloat, 304 
Aralkyl - bis (tripheny lphosphonium) 
salts, muscle rclaxants, 224 
4 - Aralkylpiperazine-2,6-diones, pre- 
paration, 235 

Arginine, isolation from wool, 354 
Arginylalanylarginylalanyl-b'-uridyl- 
ate, in veast, 523 

Aromatic compounds, fluorescence in 
solution, 159 

Arsenic, addition to zircaloy. 119 
as arsenate or arsenite for citrus, 
402 
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Arsenic — continued 
thermodynamics, in glass, 53 
Arsenic compounds, recovery from 
arsenopvrite, 75 

Arsenic oxide, in glass-melting, 53 
Arsenopyrite, recovery of arsenic 
compounds from, 75 
Arsthinol, treatment of trichomoni- 
asis, 219 

jS-Arylacrylic acid, derivatives, as 
light-sensitive materials, 186 
.V^Aryl-.Y^-amidine ureas, activity 
against Plasmodium gallinaceum, 

214 

A-Arylbiguanide, condensation pro- 
ducts, shrinkage, 388 
2-Arylnaphthotriazoles, studies on 

‘ortho’ effect, 156 

Arylnitromethane, in formation of 
a-nitroarylethylenes. 150 
5 - Aryloxymethyl - 2 * oxaxolidmones, 

sedatives, 238 

o - Arylsuiphonylsulphamoylanilioes, 
diazotisation, 163 
Asbestos, survey, 9 
Asbestos gaskets, with polvphospho- 
nitrilic chloride, 393 
Ascariasis, treatment with Alcopar, 

215 

Ascitic tumours, cells from peritoneal 
exudate, 553 

Asclepias syriaca, seed oils, constitu- 
ents. 290 

Ascorbic acid, stabiliser for beer, 524 
Ash. fly, addition to plaster, 43 
Aspenwood, pulping surfactants. 34s 
Aspergillus fumigatus, formation of 
fat. 298 

nidulat ts, formation of fat, 298 
Asphalt coatings, related to iron pipe 
corrosion, 115 

Atropine methonitratc, treatment of 
influenza, 21 1 

Autoxidation, effect of light, 428 
kinetics, linolcate emulsions, 287 
of fatty esters, mechanism, 284 
Avidin, egg white fractionation, 262 
Azarmnomcthincyanmes, brtghtencrs 
for fibres, 157 

Azetidine-2 ( 4-diones, preparation, 235 
2-Azctidinoncs. 3,3-disubstitutcd. 

preparation, 235 
Azides, dissociation of. 207 
explosives initiators, 207 
irradiation colouring, 20 7 
light-sensitive photographic pro 
cesses, 1*0 

Azoaminotriazinylaminoanthra - 
quinones, acid dyes, 172 


Azo-anthraquinonc, disperse dyes, 

m 

Azobenzene, photoisomerisrp equi- 
librium, 162 

1,1- Azo- bis (cyclohexanone- 1 -nitrile), 
effect on rubber latex, 309 
Azonitriles, initiators. 383 
Azosulphonamides, 211 
Aeotobacier, isolation from soils, 557 
nitrogen-fixation, 563, 564 
Azotobacterin, fertiliser, 561 
Azoxvbenzenedisulphonic acids, pre- 
paration, 146 

Azulenus. formation of, 150 


B 

Babesia spp., test infections and 
treatments, 180 

Babesia diverge.ns, control with ami- 
carbalide. 215 

treatment with Brrenib, 214 
ro<//»flirii, control with amicarbalide, 
215 

Babesiasis, treatment with quin- 
uronium sulphate, or Berenil, 211 

Bacitracin, 332 

Bacteria (See also Soil bacteria) 
in swimming pools, 542, 543 
iron, cultivation, morphology and 
classification, 550 
nitrifying, energy metabolism, 563 
of lakes and sea, 550 
pathogenic intestinal, water pol- 
lution, 549 

pollution measurement, 53o 
spore-forming, in sterilised milk. 
500 

sulphate-reducing, 330 
corrosion of steel, 1 14 

Bacterial counts, marine bacteria, 
550 

Bactericidal action of bromine and 
monobromamwc, 341 
of chlorine, 541 
of sea- water, 512 

Bactericides, algitides as. 349 
wood smoke. 311 

Ba< tenology. milk tollectiun and 
handling, 497 
of brewing, 329 
of canned fish, 31 1 
of salted fish, 309 

Bacteriophage, chromatography "ii 
cellulose, 263 

intestinal bacteria in water, 349 
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Bactcroids, root nodules, £>58 
Bakery trade, bulk handling in, 487 
Baking, continuous process, 487 
fermentation problems, 489 
Bamboos, fibre data, 333 
Bananas, comprehensive review, 507 
control of leaf spot diseases, 505 
Baratol, production of, 206 
Barbiturates, anaesthetic action, 237 
new hypnotics, 234 
short-acting anaesthetics, 233 
Barite, U.S. resources, 9 
Barium, immobility in plants, 469 
Barium alu minate, refractory cement 
37 

nitrate, production of baratol, 200 
peroxide, oxidising delay com- 
position, 201 
pure, preparations, 29 
sulphate-zinc sulphide, pigments 
418 

titanatc*. electrical properties, 68 
formation, 68 

Barley, browing, estimation, of nitro- 
gen and husks, 519 
concentrates, 299 
enzvme supplements for poultry 

534 

germinating embryos, gibberellin 
in, 020, 026. 527 

germination, dormancy and water- 
sciisitivity, 519 

index and varietal breeding, 519 
induction and reduction, 519, 527 
malting of. See Malting. 
Basidiornycetos. in soil, 567 
Bastuunite, recovery of rare earths, 78 
Barytes, concentration bv flotation 
33 

fluidised, gaseous reduction, 33 
Indian, sodium sulplude from, 26 
reduction with hydrogen, 33 
sodium hydroxide from, 26 
Bathing beaches, public health, 512 
Batteries, lead-acid, sulphuric acid 
standards for, 25 
polymer mouldings for, 410 
separators of mirruporous sheets, 
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Bauxite — continued 
U.S. A. resources of, 3 
BDH 1880, 234 
Bearings, ball, 131 

* r ° Zen £ roimc l> antioxidants. 

Beer, anthocyanogen removal by 
filtration, 524, 529 
bacteria, production of antibiotic 
by yeast, 523 
foam, 532 

from 2,4-D and gibberellin-aeceler- 
uted malts, 520 

Boer flavour, gas chromatography of 
524, 532 & r j 

hop oil constituents, and threshold 
limits, 522 

oxygen effects, 524, 531, 532 
role of hop oil, 521 
Beer hazes, anthocyanogen and pro- 
tein factors, 524, 531 
Beets, processed, bitter off-flavour 
465 

Behenic acids, in grass, 298 
Belladonine, effect on suxamethon- 
ium, 226 

Bentonite, absorption of water, 67 
Benzaldehyde, preparation, 155 

1.2- Benzanthracenes, 3- and 4-fluoro- 
synthesis of, 149 

6-methoxv- 1 0-methvl-, synthesis 
149 

Benzanthrone, vat dyes, 172 

1 .2- Benzanthrone-9, condensation 
with glyoxal, black-brown pig- 
ments, 170 

Benzcoumarins, derivatives, prepar- 
ation, 15G 

Benz-l,4-dioxans, sedatives, 238 
Benzene, dyestuffs intermediates 
from, 1-12 

increased production, 138 
Benzenecarboxvlic acids, separation, 
373 

Boiizenesulphonic acids, initiators, 
383 

Belize nestilphonvl peroxide, initiator, 
383 


4U;> 

storage, lead-add, preservation 
with hydroxylamine sulphate, 19 
Battery electrodes, polypropylene 
covers for, 368 

Bauxite, alumina economies, 81 
Bayer process for aluminium, 81 
deposits in Jamaica, America and 
Australia, 3 

determination of trace elements in, 
8 


Benzidine disazo dyes, absorption 
spectra. 164 
metallised, 168 

Benzimidazoles, 2-(£-dimcthyIamino- 
phenvl)-, stcric hindrance, 151 

Benziminazoles, 2-aryl- 1 -arylethvl- 
nitro-, formation of, 151 
2-formyl-, formation as dyestuffs 
intermediate, 152 

Benzoic acid, production from toluene, 
138, 140 
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Benzoic acid — <ontinued 
purification of terephthalic acid, 
373 

Benzonaphthof uranol derivati vcs, 
coupling to dyestuffs, 150 
Benzonitrile, production, 145 
Benz ophe nones, structure and ab- 
sorption spectra, 157 
Benzophenoneazine, conversion to 
hydrazine, 31 

Benzoquinonium, action on muscle, 
•2*23 

resemblance to tubocurarine, *224 
Benzoxazole, *2- (2 hydroxvphenv I) , 
formation of, 152 

o-Benzovlbenzoic acid, control of 
polymerisation, 374 
Benzoyl peroxide, catalysts, 402 
decomposition in styrenes, 409 
Benzthiazole, preservation of rubber, 
314 

Benzthiazolyl disulphide (MBTS1, 
vulcanisation mechanisation, 314 
BenzthiazolylpyTazolones, formation 
of, 15*2 

Benzvlaminodiazobenzene, initiators, 
383 

Benzyl cellulose, stability, 432 
1 -Benzyl -2- (5-methyl-3-isoxazolvl- 
carbonyh hydrazine 'Marplan", 
pharmacology, 238 
X - Benz v 1 - X - met h y 1*2 -propy ny l- 
aminc hvdrochloride, stimulants, 
238 

Benzyltrimethyl ammonium iodide, 
neuromuscular activity, 224 
Bephenium, control of hookworm in- 
fection, 213 

Bephenium hydroxynaphthoate an- 
thelmintic efficiencies, compari- 
sons, 477 

treatment of ascariasis, 215 
Bephenium salts, anthelmintics, 220 
Berenil, (See 4,4'-Diamidino<liazo- 
amin jbenzene’i, 214 
Beryl, detection of commercial de- 
posits, 6 

production and resources, U S A., 
5 

Beryllia, sintering, 66 
Ben-Ilium, cumulative poison haz- 
ards, 381 
data. 1 12 

ductility, improvement of, 98 
electrorefining, 91 
for nuclear fuel cladding, 120 
fused salt electrorefining, 91 
oxidation resistance, 120 
Beryllium alloys, coatings on steel, 91 


Beryllium industry, production and 
resources in U.S.A., 5 
Berylometer, portable scintillation 
counter, 6 

BHT, antioxidant for fish meal, 513 
Bicarbonate, irrigation water, rela- 
tion to chlorosis incidence, 463 
in soils, 449 

Bifuran, comparative anticoccidial 
studies, 478 

Biguanide hydrochloride, ABOB coni' 
pound, influenza results, 211 
Bilharziasis, treatment with anti- 
mony complexes, 215 
Biphenols, phosgenising to poly- 
carbonate esters, 178 
Birch, alkaline pulping, 346 
Birds, tick-, attack on skins, 321 
3,6 - Bis - t - atmnoalkvlpyridazines, 
neuromuscular activity, 225 
1,4- Bis(aminomethyl) - evelohexane, 
polymerisation, 305 
XX'- Bis- (p-carboxylbenzovl) -alkvl- 
enediamine, water- permeable poly- 
mers, ITS 

Biscuit mixes, corrosion, 128 
Kis-cyelo-hcxylazocarbonitrile, effei t 
on rubber latex, 309 
XX'-Bisfci>-dialkylaminoalkyl)*amules 
of dibasic aliphatic aculs, quatern- 
iscd with benzyl halides, neuro- 
muscular blocking compounds, 
224 

Bis-'diethvlaminoethyl) - 4 - dimethyl - 
amino - tri - ethiodidc , isophthalate, 
neuromuscular activity, 224 
1 , 10-Bis(dimethylamino)-cyclo-octa- 
decane dimethiodide, neuromuscu- 
lar blocking compound, like tubo 
curarine, 222 

2.3 Bis- (3 - hexamethyleneiminopro - 
pylamino-1 -/’-benzoquinone, pro- 
perties of. 224 

Bis-13-hydroxvdimethvlpiperidiniunij 
bromide ethers, muscle relaxant, 

4.4 - Bis * (4 - hydroxvphenv I ipentam 
;u id, preparation of resins, 413 

3,6-Bis[2-f 1-methyl-l -pyrrohdiniiini! 
ethoxy] -pyridazine di-iodide, syn- 
thesis ami properties, 22.3 
Bismuth, addition to zireulov, 1 19 
from complex ores, 9 m 
pressure, extrusion, 1 o 1 
pure, preparation, M 
Bismuth phosphoniolvlxlatr. cata- 
lyst, 139 

1 ,3-Bisfp platyner inethoxvl-brnzcn- , 
muscle relaxants, 224 



liisqu atom ary phthaloy) esters, neu- 
romuscular activity, 22-1 
Bitter pit, of apples, 4t>0, 500 
Bitterns, sea, sodium sulphate from 
20 

Bitumen, as photosensitive element 
185 

for hydrophobising soil, 48 
rheological dressing for roads, -19 
Bitumen coatings, related iu iron- 
pipe corrosion, 1 15 
Bitumen emulsion, for stabilisation of 
soil on airfields, 48 
Biuret, products; for paper filler, .‘Jni; 
Blackcurrants, gas storage, 5011 
Blankets, shrinking and felting, 301 
Bleaching powder, production of, 28 
Bleaching process, tracer study, 349 
Bloat, control of, 303 
effect of oils ami penicillin, 470 
etiology, prophylaxis and therapy. 
470 

feedlot studies, 470 

in cattle, treatment with oils, 301 

in ruminants, 470 

Blood, serum proteins, fractionation, 
203 

Blowing agents, polvstvrenes, 400 
Blue. Mi,.- filer's Hydro]', 173 
Board, luverforin machine for, 333 
particle, adhesives for, and 1ir> - 
resistance, 3>3 
relative humidity, 332 
Boilers, corrosion of. 132 

high-pre>siire, water treatment , 1 20 
Boleko oil, new resins from, 4 14 
Hornby^ mmi, svntlu-MS of glwinr, 
338 

Bond structure, in fibres, elntrun 
rnicroset >pv. 3 II i 

Bonding, cathodic protection, 12s 
heat- and pressure . in paper- 
making, 343 

Bonks, ‘ Apprab.il of the Safety of 
Oiemii als in f oods. I 'rugs and 
Cosmet it s 3s 7 
‘ ! ’ananas', 307 

‘Her. Arbeitsgemeinschaft Write 
maguetismus lOAs’, in 
’Uerv I linin', 112 
‘Bervllmm Data Manual’, 112 
‘British Veterinary Codex Supple 
Illetu ', 1 81 1 

'Carcin«>genic Risks in Foot! Addit- 
ives and Pesticides', .3s7 
'Cell and Tissue Culture’. 333 
Chemist rv of Propellants’, 203 
'Composition of Netherlands Milk', 
490 


Books — continued 
'Constitutional Diagrams of Ura- 
nium and Thorium Alloys', 112 
‘ Corrosion and Oxidation of Metals' 
132 

‘Corrosion, aqueous and gaseous', 

‘Corrosion Data Survey, I960' 
132 


Corrosion Problems of the Petrol- 
eum Industry’, 132 
Curare, its history, nature and 
clinical use', 232 

'Electropolishing, anodizing and 
Electrolytic Pickling of Metals’ 
132 


Fertilisers and profitable farming’, 
450 


T ortschritte dcr Arzneimittal For- 
schung', Yol. I, 218 

Fundamental Aspects of Dehydra- 
tion of Foodstuffs’, 51(5 

'Fundamentals of Radiobiology’, 
2nd ed., 259 

'Internal Stresses and Fatigue in 
Metals’, 111 

'Introduction to Rocket Techno- 
logy', 203 

Introd. to Veterinary Pharma- 
cology*, 4 Bn 

The Marine Corrosion Handbook’, 


1 32 


Materials for Rockets and Missiles', 
204 

'Metallic Corrosion Inhibitors’, 132 
Methods of Biochemical Analysis’, 
2-SI 

'Methods in Geochemistry’, 8 
Nuclear Metallurgy’, 1 12 
‘ Pheuolies in Plants in Health and 
1 disease , 3U7 

'Physical Metallurgy of Stress 
Corrosion', 132 

Phvsiological Changes in Apples 
1 hiring Refrigeration’ . 506 
'Plutonium Data Manual’, 112 
‘Pulvsti retie 108 

‘Preseni -day Views on Mechanism 
of Leather Dyeing’, 330 
Problems in the Evaluation of 
Carcinogenic Hazard from Use of 
Food Additives', 3S7 
Progressin Metal Physics’, 112 
'Properties of the Platinum Metals 
and Alloys’, 1 12 

‘Properties of the Rare Earth 
Metals and Compounds’, 1 12 
Property Measurements at High 
Temperatures’, 112 



SUBJECT INDEX 


692 

Books — -conti « ued 

’ Radiation Protection and Ro- 
eg very' , 239 
Reactive Metals’, 1 12 
‘Recent Survey oi Current Activi- 
ties on Fatigue’, 1 1 1 
' Rocket- l*ropelIant Handbook', 203 
‘Rocket Propulsion’, 203 
‘Space Age Dictionary’, 20*1 
‘Structure and Properties of Thin 
Films’, 132 

‘Tantalum and Niobium’, 1 12 
‘Tentative Method ol Evaluation of 
Painted or Coated Specimens 
Subjected to Corrosive Environ- 
ments', 424 

‘Toxic Chemicals in Agriculture: 

Residues in Food’, 587 
‘Tungsten and Molybdenum’, 112 
L*.K. Dairy Industry’, 496 
‘Veterinary Applied Pharmacology 
and Therapeutics’, 4*0 
‘Zone Refining and Allied Tech- 
niques’, 91 

Borane fuels, developments, 293 
Borates, adsorption by soil from solu- 
tion. Langmuir equation, 4 lb 
release mechanisms, 447 
formation of borides, 03 
impregnation of resins, 3 m* 
Borazanes, initiators. 3b 3 
Borazoles, organosi l icon-substituted, 
39$ 

stability, 39* 

Borazole systems, polymer. 39b 
production of, 397, 398 
structure, 397 
Boric acid, clarification, :il 

from colemanit*.*, new Italian pro- 
cess, 20 

preservation of wood, 20 
production and demand for. 20 
stabilisation of sodium hypochlor- 
ite, 27 

Boric acid, determination in glass, 56 
Borides, metal, inorganic derivatives, 

31 

of rare-carths, 31 

Borim id azo lines. formation of, 132 
Boron, analysis by neutron absorp- 
tion activation, 56 
cyclic polymers, 414 
effect on alloy grain boundaries, 97 
on tungsten, 104 
in polymers, 399 
in stainless steel, 130 
polymera, 395, 396 
production by magnesium reduc- 
tion, 31 


Boron — con i inued 
propellant fuels, 199 
pure crystalline, 31 
systems with niobium and tanta- 
lum, 112 

Boron alkyls, initiator, 383 
compounds, increasing demand for. 
20 

production from brines, 32 
hydride, mixtures, biprope Hants, 
205 

monoxide, polymeric, 31 
trichloride, economic production 
20 

trichloroborazolc, production of, 
397 

trifluoride, catalyst for alkylation, 
143 

Botrvtis cincrt'a, grapes, decay fore- 
casting, 305 
Brass, inhibition, 125 
pressure extrusion, lot 
zinc and copper diffusion, 03 
Breads, additives, improvers, 484 
chronic toxicity tests and treat- 
ments, |H3 

enrichment, curb on advertising. 

483 

flavour development, chromato- 
graphy of, 4b8 

instant mix, leavening system, 4*9 
manufacture, need for flour im- 
provers, 4*6 

use of enzyme preparations, 1*6 
nutritional value, 4*9 
effect of additives, 485 
permitted ingredients. 484 
Report, Food Standards Utter., 

484 

speciality, specifications, 4*4 
use of anti-mould agents, 486 
wrappers for, 487 
Brevifolin. synthesis, 322 
Brewery, integrated continuous pilot- 
scale, 322 

Brewing, permease activity in utilis- 
ation of sugars, 323 
reviews, 326 

utilisation of hops, ultrasonics in, 

Bricks, basic, bond structure, 69 
of magnesia, 34 
chrome -magnesite, 69 
‘double K\ for furnaces, 63 
for glass tanks, 60 

magnesite, behaviour in glass tanks, 
60 

sandlimu, 47 

and calcium silicate products, 48 
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Bricks — continued 
silica, mineralogical composition, 

60 

Brim 1 , electrolysis, processes, 13 

with platinised titanium elec- 
trodes, 13 

natural, fractional crystallisation, 

20 

production of magnesium oxide 
from, 33 

recovery of potassium salts from, 32 
refrigerated, fish preservation, 508 
separation of magnesium hydroxide 
from, 33 

URL 1241 [see Sodium G-{2,G-di- 

m ethoxy benzamido) pcnicillanatc 
monohydrate), 209 
Broinate, flour improver, 480 
Bromine, capacity in I-.S.A. and 
Israel, 10 

consumption by pulps, 351 
Bromine compounds, water disin- 
fectants, 541 

I ironic x hloromethane , efficiency as 
tire extinguishers, 437 
•,*- Brumo-2-chluro- 1,1,1 - trilluoro- 
thane*, Halothane, Fluothane, 
anaesthetic, 233 
tritium-labelled, preparations, 
233 

1 Toe Bromo-1 1 -dehydrocurticosterune, 
synthesis, 255 

1 7 a- liromo-U a-lluoropr o g e s t eron c , 
formation, 231 

.V-Bromosuccinimide, fastness im- 
prover for dye-stuffs. 173 
reaction with acids, 297 
reagent for iodine value of fats, 
283 

Browning, in processed fish, oil 
Broxil- »<* 0- ( x-Bhenoxypropion- 
amidolpenicillanic acid, potas- 
sium salt. 2U9 
Bubbles, air, in foams, 389 

hvdrogen peroxide, corrosion data, 
128 

per meabilitv to air. ;»9l 
Building materials, 30 
polymer foams, 387, tot; 
priivmcrs for false c eilings, 41 1 
steel corrosion in, 130 
Bill gar, wheat food, 489 
Bulbocapnine, effects, 220 
Burners, high temperature, for work- 
ing silica, 59 

Butadiene, copolymer with metha- 
crylate, for paper coating. 381 ^ 
from butylene and isopontene, 13*. 
production, 141 


Butadiene sulphone, effect on rubber 
latex, 309 

1.3- Butadiene, copolymers, binders, 
205 

Butane, underground storage, 600 

1.4- Butancdiol succinates, thermal 
stability, 278 

Butenes, formation of fumaric acid 
from, 136 

Butenolide, synthetic, structure of, 
253 

l-Butoxy-4'-dimethylaminodiphenyl- 
thiourea, treatment of leprosy, 212 
Butter, hard synthetic, from propy- 
lene glycol, 276 
flavouring, from milk, 276 
gas chromatography of fatty acids, 
278 

shea, acid components, 296 
Butterfat, antioxidants, 290 
fatty acid isomers in, 302 
isolation of fatty acids from, 297 
linoleic acid in, 303 
substitutes, production and com- 
position of, 273 

Butter oil, in diet of calves, 304 
Butvl, products of high tensile 
strength, 315 
tyre-curing bags, 315 
Butyl acetate, plasticiser, 195 
^-(MlutyDacetophenone, solvent for 
2-ethylanthraquinone, 1 7 
Butylamine, polycondensation, 398 
Butvlboron dic’hloride, production, 
397 

Butyl latex, availability in U.S.A., 
315 

Butvl methacrylate, lacquers, 431 
terpolymer, photographic uses, 181 
/-Butvl methacrylate, polymerisation, 

3x4 

/-Butvl perbenzoate, catalysts, 402 
Butyl phosphate, catalysts, 430 
Butyl xanthogen disulphide, rubber 
vulcanising compound, 313 
1 .3- Butylene glycol, production of, 
137 

/-Butvlquinol, antioxidants, 287 
/)-/-RutylstvTeiu\ high-melting, pre- 
paration, 402 

Butyric acid, related to cellulose 
digestion, 301 
BAY. Mo. 401. 234 


Cacao, butter, investigation of adul- 
terants, 284 
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Cacao fat, determination o£ adulter- 
ants, 283 

Cacao products, fat adulteration, 284 
Cadmium, impurity in zinc ore, 7a 
traces, in rocks, S 

Cadmium sulphide, volatilisation, 7a 
Caesium- 137, and potassium, soil con- 
tamination and plant uptake, 459 
Calcium, digestibility by lambs, 30*3 
fertilisation and balances in stron- 
tium-contaminated soils, 459 
immobility in plants, 439 
in lucerne ash, 301 
in nitrogen metabolism of clover, 
565 

interference in alkali determina- 
tion, 3s 

mobilities, foliar sprays, 463 
reduction of thorium oxide, S3 
role in bitter-pit of apples, 460 
soil, microbial dissolution, 567 
Calcium-45, study of steel contamina- 
tion, 69 

Calcium acetate, or nitrate for apple 
bitter pit, 5i*0 

acid phosphate, use in bread, 486 
aluminate, refractory cement, 37 
bisulphite, digestion of pulp. 335 
carbide, hydrophobisation, 33 
production from limestone, 33 
reduction of magnesium chloride, 

XI 

carbonate, as pigment, filler, 33 
filterable suspension*, 33 
dour additive, IM 
rate of docarbonatation in lime 
kilning, 45 

i.hloride, for winter concreting, 3* 
in paperboard production, till 
t.vanamid**, manufacture, 89 
in Germane, go 

disiiicide, r> die tionof magnesia, hi 
forma**:, t **n leather, 394 j 
hydroxide. red 1 tons with amorph- 
ous >ili..a, I" ! 

t her mogravs metre, 17 
hvpoudorit'*, industrial hazard.-,. ) 

5M ! 

magnesium siluate, <n!loidal, 33 ] 

monoifuohde, 39 

iiitrat*-, foliar, for bitter pit of 
apph-s, 469 

granulate*!, new method, 451 
new Dutch granulation process, 

91 

oxide, available in slak*-d lime, 47 
hvdratton reactions, mechanism, 
*46 

peroxide, pure, preparation, 29 


Calcium — continued 
plumbate, anticorrosive pigments, 
433 

silicate, acicular, 33 
conditions of hydration, 48 
sulphate, as by-product from ferti- 
lisers, 19 

crystal seeding, 32 
determination in gypsum and 
plaster, 43 

formation of sulphur, 24 
hemihydrate, as building ma- 
terial, 43 

production by grinding-burn- 
ing, 44 

new production plants, 20 
sulphoaluminate, expansive 
cements, 36 
titanates, pure, 34 
zirconatc, oxygen- IK tracers, 66 
Calves, infections, 480 

beef, suckling, control of muscular 
dystrophy, 479 
digestive system, 47o 
*-arlv weaning, 170 
immunity to infectious diseases, 
colostrum for, 470 
inability to digest starch, 470 
oti milk substitutes, carbohydrates 
for. 17o 

rearing, Min. of Ag. i\ Kish, Report, 

resistance t<> Hunnnnchu* plucti, 
pheitothia/.ine studies. 477 
unthriftv, treatment with selenium, 
471 

Calving, earlv, rearing rations, His 
Canning, of tish, 51 1 
Caprolactam, new methods of s\n 
thesis, 363, 366 
polymerisation, 5*'.;, 
proiln* tion of, 363 

impending in liritaiti, 13". 
Capnil.i* ton**, a* rylaus from. 390 
( arbauu*' acid esters, imis«le relax- 
ant s. 923 

< arba/olrs, synthe sis, 151 
( trbi*l*-s, conversion t*i diamond, 4 
dispersion in rnolvbdenum allow., 
105 

of niobium, phases, 1 12 
of tantalum, 1 12 

Carbndi-imidex, polymerisation ini- 

provers, 364 

Carbohvdrates. dietary, calory sup- 
plying concept modified, 4*3 
* , st* , rs, as surface a* five compounds, 

294 

for calves on milk rephu ers, 470 



SUBJECT INDEX 


Carbohydrates continued 

formation of fatty acids from, *2bb 
fugitive dye products. IKK 
polymers, 313 

Carbohydrate compounds, related to 
sialic acid. 3*20 

Carbon, activated, adsorption pro- 
cedure, -13*2 

contacts with metal, 131 
decomposition of gypsum, -13 
determination in soils and plants 
Ms 

improvement of tantalum, 1 05 
mineralisation studies, -1 13 
radio-, dating by, of soil humus, -HP 
Carl ion dioxide, as cooler for nuclear 
realtors, 1*20 

chert on tubocurarine alkaloids, 
2*20 

oxidation corrosion of steel, 1 *27 
purilication of lead, 70 
removal from jniritied gas, dun 
from soda ash, *272 
scrubbing in gas storage, r>h;; 
monoxide, industrial hazards, first- 
aid treatment for, 3s l 
reduction of iron sands. 7b 
reiix ival from gas, duo 
tetrachloride, n intro] of I 

h.-p'itixti, *2 1 3 

1 it rail noride, from aluminium re- 
duction i ells, * 1 

( arb< m at runs, t ra nsaimu iar react i< ms, 
*23 I 

< ai lion black, importance of quin- 

i nies in, Mb 

in Ira-red spe« troscopy. 317 
pigments for polypropylene. 57<* 
reinforcement ot rubber, -lid 
{ a r bon number, of fattv acid tin th* i 

1 ‘ t e f > > 27S 

( .L»‘i>onat' , eflci t <'U >uipSut' oniping. t 
31b 

< arbonatioii. . .f < « n;< m>, :;7 

< arbonisation of ( *.a], priv-*-s si mb. 

< .irbotiitride> i oi niobium. M2 

<>t tanialum, 1 12 

i arl'otiv! ehlond*-, c hloriuain»n * *1 
titanium minerals. s2 
V - < arbow i. amino - acid anhvdr* 
ides, for photographic use. 1 s*2 
M - t arboxvlmlvh penicillin. furnia- 
tioti of, and activity. 2lo 
I ~r ( arboNVethvl-H-halo*! 7 V hydr- 
o\\ androst - 1 -en - 3 one lactones. 
23d 

t .irhnw met In l-i elhdose. concentra- 
tion of eomilbiimin, 2d2 
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Carboxy meth y ] -cc 1 lulose — continued 
ion exchange capacity, 201 
nitration, 135 

Carboxymethylation, of cotton lin- 
ters, 333 

1 3-Car boxy- 1 8-nor-4-pregncTie-3,20- 
dionc, derivatives, *230 

< arboxypepthUsc-B, identification, 

2dl 

Carcinogenic risks, with pesticides 
and food additives, “180 
t ardiac aglvcono, synthesis, 250 
( ardrase, f.S'tr ti-EtiioxybenzthiazoIe- 
2- s u 1 ph on am i ue ) , 2 31 
f arnalliie, dehydration of salts, 33 
Carotene, concentration in palm oil, 

food colours, *270 
in oils, 272 

Carpets, d.O-nylon yarns, 303 
of polypropylene, fibres, 308 
Cartons, for milk, 501 1 
Cartridge, power device, *201 
Citruw ajatuan, components, 250 

< aryophyllone. and isor aryophyllene 

in hop oil. .5*2*2 

< a>< in, milk-, formal ion of fibres 

from. 35s 

( asi-in coatings, adhesion to niiro- 
celluIoM- lacquers, 43u 
Casein plastics, sales statistics, 378 
fassiterite, electrostatic separation, 

Castor beans, upgrading of meal, 203 
Casto,* leaf oil. acid components, *230 
Castor oil. autoxidation kinetics, 28b 
chromatographic analysis. 283 
dehydrated, autoxidation kinetics, 

111 sheep feeds, 5f'l 
preparation of films. -13-1 
r» >.\ m publication.-., 255 
mvt.ianr coatings, 253 
* aialy.vis. alumina -ziremiia - rhorio 
magnesia. 3b 
!■ 0 diamond synthesis, -l 
in ilr- igonat ion, palladium charcoal 
and nickel- silica, for toluylene- 
diainiiies. 1-15 

mechanism of inhibition of poisons. 

123 

oxidation, behaviour in emulsion 
svstems, 287 
polvmerisation. new. 3b 1 
Catechol leather, formation. 522 
Cathodic cleaning, 12b 
Cathodic polarisation, and cracking of 
brass. 118 

Cathodic protection, Ibbu, 132 
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C athodic — i'oii/i h iu d 
in corrosion prevention, 116, 128 
of pipe- lines, LI 5, 1 16 
of steel, 116 
symposium, 1*28 
various anodes for. 1 16 
Cathodic reduction, ferric oxide and 
cuprous sulphide, 130 
Catron (S^j 2-Phenylisopropylhydra- 
zine), *238 

Cattle, control of gastrointestinal 
helminths, 478 
copper-deficiency. 47*2 
dairv, antibiotic growth stimulants, 
476 

dairy herds, nutrition during rear- 
ing. 466, 467 
rearing feed costs. 468 
effect of oils and penicillin on bloat 
and other responses. 476 
Zebu.prothridium against 
479 

Cattle bloat, fcedlot studies. 476 
Cavodil (See 2 - P h e n y 1 1 > oprop y 1 hy d r a - 
ziney *238 

Celbenin. activity against resistant 
staphylococci, *269 

Celery, foliar sprays of magnesium 
and chlorosis, 46*2 
storage of, 

Celcstine, mining in V.K. at Chipping 
Sodbury, 6 

Cells, animal, per for man- e i>; it. ■»' and 
:m J i/tc,, 555 

sources and methods fnr tissue 
cultures, 552, 553 

< one ent rat ion, 124 
dotation, processing of ores, 7*i 
local, 12 1 

plant, culture of, 555 
strains, continuous sub« ultur*' r« - 
quir*.ments, 551 

* ell cultures, animal. 551 

handling requirements, 532 
large-scale, for prodm tioii 
diagnosis and research, 551, 
a'8i 

methods and apparatus. 553 
suspension, and apparatus. 535. 
556 

* Cellulose, bleaching with chlorine 

dioxide, 28 

< hromatography, 279 
decomposition in soil, 366 
determination of carboxvl groups. 

351 

digestion l*v sheep rumen ba» b-ria. 

3ul 

enzymic decomposition, 319 


Cellulose - — continued 

Fibre Activator Process, 334 
ion-exchange, electro kinetic pro- 
perties, 349 
nitration of, 194, 197 
pulp digestion, 348 
reaction with Procion dyes, 161 
reactive dyes for, 162, 163, 169 
sales statistics, 378 
spectrometric investigations, 3D! 
thermodynamics of swelling, 3D 1 
water flow number, 351 
x-Cellulose, in pulps, 33D, 336 
Cellulose acetate, acetic acid content, 
43*2 

- butyrate, lacquers, 439 
coatings for self-heating con- 
densers, 430 

tiltns, dynamometer tests, 132 
film base, 177 
plastics, properties, 429 

- propionate film base, 178 

iron oxide, magnetic recording 
tape. 430 

bases, for ion-exchange reagents, 

derivatives, polymers for photo, 
graph y, 187 

esters, adhesion to resins. 429 
and ether varnishes. 429 
lopolvniers, for photography, 

oxidation with ammonium 
nitrate. 197 
fibres, ball-milling, 349 
colloid * henitstry. 336 
p> net rat ion by electrolytes, 31 s 
-water systems, 351 
nitrate, as film base, 177 
denitration study, 194 

• pkutfi iser compounds, hydro- 
gen landing, 195 

pho*phat«‘, adsorption of thniimn 
on, 7* 

triacetate, him base. 1 77 
polymerisation, 432 
solvents for, 434 

1 elhitose s*r*»n, filtration meiho<b 

Cellulose structure, * lassitu ation ■! 
pulps, 352 

< elluloses, substituted, ion-exchang>- 
reagents, 260, 262. 263 
Cement, colouring with metal ions in 
kilned materials, 37 
hydration study, by cleetron micro- 
S* op.-, 37 

hydrophobic, waxy additives, for. 
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>ment— continued 
improvers, 394 
magnesia content, 37 
new methods of manufacture, 36 
production from bauxite residues 
81 

refractory and expansive, 37 
stabilisation of soil, 48 
storage deterioration, moisture re- 
sistance, of) 

Centrifuge, high-temperaturc, for 
fused salts, 7o 

Centrifuging, pilot-plant work, 578 
Cephalins, of grass, 298 
Cephalosporin N, activity of, 210 
Ceramics, bonding compositions for, 
3112 

brittle strength of, 68 
combination with metals, 62 
electrical materials, 08 
gypsum raw materials, 45 
high alumina, 68 
insulation for wires, 68 
phosporus oxvrtitride polymers, 396 
plastic, development of phosphino- 
borines, 422 

research, and development, 62 
equipment for, 7*1 
study <d materials, 62 
synthetic mica, 6ft 
wetting of metals, 60 
Cera mi».'. Ik (dies, thermal exjxmsion, 
67 

Ceranth coatings, heat-resistant, 422 
Cereals, and cereal products, lipid 
hydrolysis. 48U 

nutrition, 4M 

Cereal proteins, rietii iemies and 
supplementations, 483 
1 eria, recovery of rare earths from. 
Cerium, additions to metals, 103 
recovery from ceric nitrate, 7“ 
reparation from sulphate leach 
liquors, 78 

( frill m oxide, for tracing in glass, 3.3 
1 enn<'ts, hv thermite reaction. 63 
titanium carbide, 63 
c> tolric add, nut oxidation products. 

c<*tvl alcohol, eltect on founts, 592 
r habfrtia oviita , phenothiaziue effici- 
encies against, 477 
1 halcone systems, light sensitive 
polymers, 180 

! htmuielr tlf< umbnj*, components, 2*36 
( harcuaifc. wet grinding, 207 
1 hei'se, containers of polystyrene, 407 
1 delating agents, absorbed, effect on 
non absorption bv soya-bean, 464 


Chemicals, toxicity of, 584 
Chemostats, cell cultures, 554 
Chemotherapy, anti-mitotic (1st Int. 
Symp.) 1959, 219 

Chicks, on ToYula yeast diet with 
selenium supplement, 471 
treatments against Eimeria by 
Zoalene, 479 
Chicken, antibiotics, 533 
fed antibiotics, resistant Salmonella 
in, 176 

China, commercial, microstructure, 
67 

Jl-Chloracetamidomethyl dyes, for 
wool, 169 

Chloramphenicol, in nitrogen fixation, 
564 

Chloraml, dehydrogenation of corti- 
costeroids, 255 
Chlorates, preparation, 28 
Chlorbetamide, clinical value, 212 
Chlorides, foliar absorption in sprink- 
ler irrigation, 466 
metal effect on hardness of glass, 60 
Chlorinated water, fish meal pre- 
servative, 512 

Chlorination of water, survival of 
micro-organisms, 541 
C hlorine, chemical manufacture, 14 
consumption by unbleached pulps, 
351 

determination in silicate rocks, 10 
effect on acid corrosion of metals, 
125 

liquefaction, *27 
liquid, purity standards, 27 
mechanism of bactericidal action, 
Ml 

nitric acid oxidation, 27 
oxvacids, as disinfectants, 15 
production ;ind uses of, (CIBA 
pamphlet), 15 

production by chemical methods, 
purification, 27 

Chlorine dioxide, effects on flours and 
breads, -185 

for cellulose bleaching, 28 
formation, 28 

generators, design and operation, 
28 

in pulp bleaching, 15 
production, 28 

Chlorine number. Roe, study of, 351 
Chlorine water, ;ls tannage, 324 
Chloroacetainidomcthvl compounds, 
reactivity to cellulose. 162 
Chloroacrvlie esters, polymers from. 
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Ohloroalkane, nitration in. 19-1 
Chloroalkvlatiou. of toluene and 
xylene. 143 

pChlorobenzvl chloride, formation of, 
14 3 

bx-Chloro- 1 7 x -cMoro( bromot protest - 
crone, formation, 2;>1 
3-Chlorocrotonic acid, lor new dye- 
stuff intermediates. 14 ^ 
Chloroethylenes, iti- amt pet-, pre- 
paration of. 13$ 

Chloroform, separation of coal con- 
stituents, r.ps 

Chlorogenic acid, as inhibitor of 
Ciloeoipotv.o;: pctcv.nA>’>, germina- 
tion. o0;» 

T-Chloro-2-niethylnmino - 3 - phenvl 
3 II - 1.4 - heimliazepine - 4 - oxide 
hydrochloride f Librium', tranquill- 
iser. ‘247 

Chloromethvlation, of phenols and 
cresots, 143 

0 -t'hloro- 1 1 x - methylhvdrocortisnne 

acetate, synthesis, 23f> 

Chlorophyll, action on fat autoxida- 
tioii.2>9 

prc'duction, iron- urea foliar sprays. 
S3 

Chloroplast lipids, isolation of. 2' , -> 

1 7a-ChIoro - 4 - pregnen-2 1 -ol-3, 1 1 ,2 l <- 

trtone a rotate, synthesis. 233 
Chloropr 'pionates, acrylates fiom. 

Chi- >r<<q nine. activity against malaria 
parasites. *21 1 
< lint al application*. ‘213 
treatment of L-pr* ov, 212 
Chlorosis, ir<.n, < au<e- <>f, -h’>3 

susceptibility index for plains, 

4t>4 

lime-induced, and fruit tree re- ; 
respiration, P',3 

molybdenum -del: ;.-.i y in apple.-. 

461 

of fruiting plants. magge-ium- 
dehdenries, 

bbiorosulphonir a- id. from xulpi.ur 
trioxide and hydrogen chloride, y:» 
Chlorothiazide, • ■m ct on tubo< urarim- 

activity, 22b 

.V - 1 ('.hlorotriazinylatuinoN.ilplio- 
phenyljimides. t onm nmtion with 
p rylenc - 3.4. b, In - t< tru< arbnxvli' 
acid, formation of rear live dv-,. 

171 

i hloro-r-triay.invl «Iv*-sitili s. fore-Hn- 
lorsc-. 103 

* hlorpromazine, vti<> to. 220 

synergiem v. i*.h t.ubo uraria . 233 


Chlorprot hixon , a - 2-chloro- 9-(3'-di- 
methylaimnupropylidene) thioxan- 
then tranquilliser, antidepressant 
237 

Chlortetracycliiic, 210, 332 
effect in chicken feed. f)33 
treatment of gonorrhoea, 240 
Chocolates, determination of adulter- 
ants, 2S3 

Cholesterol esters, in plasma, 302 
1 ho lest cry 1 esters, separation from 
fatty acids, 27 S 
Cholinergic substances, 232 
Chromatography, gas, 12$ 

flash exchange, of vegetable 
tluvours, 2 n3 

of gases on carbon, alumina, 
silica, ljui 

of volatile constituents from 
plant respiration, Pul 
gas liquid. of fatty methyl esters, 

strui lure determination, 20! 
of glvci-rides. 292 

paper. |g> 

thin-layer. 42 s 

Chrome, tanning pro* esse-,, 323 
Chrome magnesite bricks, behaviour 
in furna. • s, P3 

Chromia. otea on -inuring. Of, 
Chromic and. eb.-i trolwls to ihnmu- 
i:m d> posits, s \ 

Chiomi ihl..;id( S. basj. compounds. 
3t 

Chromite, rapid nnalv-is of ores. In 
Chromium, 1,2-omplex, dye-iuits, 

co-ordination with .tiniiM H id-, 3*23 
d* u-nninati. <;i in ( rim-nt, 3* 
m b ather, 3*2 h 
e]«-f trolvti* . refining, M 
le niistry, In 

gram boundaiv m«>\ « nn-ut . b>i 
> <nMf.o--.il i< on tannage ,, 323 
pioiim tion for high tempeiupm 
aiiuv- . >3 

r»-<o\ery from tanning liquor- 32c 
< brominin alloy, deposits nil steel. JgV 
niti-’geii in. 1 13 

.villi iron and <liromium, eintro- 
plating pm. « - 122 
with ni< kel. and < obalt, 123 
intep rv-lalline voids, '.*7 
with niobium, eff«-< t on nitrogen, 
113 

Chromium < oinph five from acid 
solubilising groups, lb* 
hydroxide, in protection of st«-i I. 
122 
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Chromiu m — continued 
oxide, catalyst, 148 
in tanned leathers, determina- 
tion, 326 

industrial hazards, 08 1 
relation to tannin in leather, 326 
salts, action on photographic gela- 
tins, 187 

sulphate, tannage, 323 
'Chromosorb' -polyvinyl acetate, gas 
chromatography on, 278 
( livmotrvpsinogen 11. identification, 
261 

CL 333 Parke Davis, (Sec Sernvl), 233 
Cl 41 HI, intravenous anaesthetic, 233 
C l 421, intravenous anaesthetics, 233 
Cinnamate esters, of poly(vinvl 
alcohol), photographic sensitisers, 
is:. 

('mnamylideneinalonit m id. photo- 
graphic resists, l sc. 

(‘itrullus ftstulosi<, components, 236 
Citrus, effects of potassium arsenate 
and arsenite on, 462 
fruits, climacteric peak in, ”>( (3 
seedlings, foliar spravs of Tl HA, 463 
win chlorosis, and necrotic spots, 
arsenic toxicities, 462 
yellow spot disease and molybdate 
sprays, 46 1 

t'ilm-i microunpitt, f omponcnls, 236 
Clarhia seed oils, 231 

(.“lavs, action of heat on. 63 

additions, for concrete units, 16 
ball-, cation exchange capacity of 
kaolinite, 33 

1 orrosion of tank bloc k. 63 
high-temperature materials, 62 
identilic ation of minerals. 33 
Uaolinitic, adsorption behaviour, in 
plastic, flow eharac tc*ristics, in 
preparation of aluminium salts, 31 
pvroplastir index, in 
starch, structure of coating ti 1 ms, 
3.Y2 

Clay minerals, nation-exchange capa- 
c it y, 67 

dielectric study, 33 
structure and composition, 1> 

( lav products, preparation and ideii- 
ti tuat ion, 33 

( lav suspensions, viscidity, 46 
( lav wares, moisture expansion, in 
( leaning, chemical, 131 
( linker, determination of fluorine in. 
3S 

Clostridia, mechanism of nitrogen 
fixation. :»:>7 
media. 530 


Clostridium bolulinuni toxins, 548 
pasteunanum , bacterial fertilisers, 
561 

Closures, of polymers, 410 
Clothes, packaging in polystyrene, 407 

Clover, lipids of, 298 
subterranean, calcium inN metabol- 
ism, 565 

Coals, carbonisation, behaviour dur- 
ing, 538 

measurement of volatiles, 601 
coking power, 598 
Derivatives Committee Report 
(I960), 141 

gasification, pilot plant, 598 
hydrogenation to gas, 599 
requirements for the gas industry, 
397 

Coatings, alloy, on steel, improved 
fatigue strength, 94 
aminoplast resins, 383 
anodic mechanism, 130 
asphalt and bitumen, for iron pipes, 
113 

clay-starch, strength of, 352 
corrosion protection, 130 
for food industry, 294 
for storage tanks, 436 
heat-resistant, of ‘ceramic frit', 422 
jointing compounds, 131 
Kohler method, 352 
microjet, 352 
of polymer, 411 
of refractory materials, 422 
of trielhyltin oxide, 115 
polyurethane, symposium, 418 
protective, for steel, 117 
stabilisation against ultra-violet 
decomposition, 423 
underground corrosion, 115, 567 
waterproof, for explosives, 206 

Coating compositions, acrylic poly- 
mers, 393 

Cobalt, and vitamin I> 12 , as essential 
for animals and mier organisms, 
461 

deficiency, rumen pellet for, 474 
vitamin B 12 test for, 474 
determination of in soils, -148 
in nitrogen fixation, 565 
separation from complex ores, 90 
soil, extractable, related to gum 
leaf content, 446 

Cobalt complexes, free from acid 
solubilising groups, 168 
ferrite, semi-conductor, 68 
phthalocyanines, vat dyes, 1 75 
salts, catalysts. 293 

Cobalt ous hydroxide, crystalline, 34 



700 SUBJECT INDEX 


Co-carboxylase, antagonism of suxa- 
methonium, *2*2ti 
neuromuscular effects. ‘2*2 I 
Coccidiosis, caccal, in chickens, 
chemotherapy, ‘2*0 
treatments. *214. 470 
symposium oil nitrofurans, *210 
Cuceidiostats, new, efficacy, *2*20 
pyrimethamine, and sulpha-com- 
pounds. -170 

Cocoa beans, pressing oi, *200 
Cocoa butter, spectrograph y of Inti v 
impurities, 282 

substitutes, by fractionation of 
other fats, '274 

Coconut oil, conij>ositum of, *273 
continuous neutralisation. '27 I 
in animal diet, 303 
interest critical ion with lard. 273 
Coconut oilalkvd. lacquer with nitro- 
cellulose, 1 3*2 

Cod fillets, \acuum frcc/e-dri.«l nit r> ►- 
gen-packed, 51 l 

Cod liter oil, in animal diet, 303 
inclusion in cattle diet. 3o3 
methyl esters, antioxidants fur, *2 '7 
Cod oil, fat liquoring, 323 
Cokulupone, totrahydm-. prepar.i- 
tion and structure, 321 
Coking, study by photomicrography. 
598 

Colemanite, production of boric at id. 
from, go 

Colicine, production by «;**lif* ►rm. 3p.» 
Coliform counts, storage eitret*. 7 * I'* 
Cnlifurm culture, gas-prodm tu n bv. 

:* n 

< oliform organisms, detection 

methods and media. •'» 13. >H. •» C» 
tests and, media, bib 
Cnlifurm tests, indole variant. < >wi'>n. 
343 

< ‘ditis, a.mo»:bi'\ control with spir.t- 

mycin-diphetarsoii' , ’2 lb 
Collagen, 330 
amino-acids of, 3*21 
binding of tannages, 323 
chemical changes in 3*22 
< humistry, .3*2' i 
crystallinity, 32'* 
emeriti cat ion, 3'2l 

physical and theme, a) pt<-|> rtt« s, 
3‘2(» 

tanned fibres. 320 
water solubility, 32n 
Coll agon- tanned fibres, n**« harm al 
properties, 32 7 

Collodion, in photoginphi*. in.it. iia! .. 
177 


Colloids, for silver halide emulsions, 

177 

protective, 391 

on ball powder, 19b 
w ater-pcrincable photographic 
coatings, 180 

Coloristic measurements, textiles, 139 
Colostrum, cow. and calf imniunitv. 
170 

Colour, measurements in leather, 3*27 
of non-metal Usiible dyes, lii-1 
surface, lluoreseence of, 139 
Columbite, electrostatic separation, 

Columbium, seU-ditlusioii, 1 1*2 
separation from tantalum, 91 
Columns, absorption data, 377 
Combustion, inhibitor for. ‘200 
Composts, removal oi organic matter. 
41*2 

Compound V-7 i Set \-(3,4,o-lri 
methoxvK'nzoyl} tetrahydro- 1.1- 
oxa/.inej, *233 

Coiialbumin, couceiuratum on > ay- 
boxy-methyh elllllose, 202 
egg white fractionation, *202 
Coiicora, torsion tear tester. I r 
paper, 330 

Concrete, bonding to plaster, prob- 
lems of. 13 

( artomatiun and >hrinkag< . 37 
cement content. 3.*> 
i orr. isioii of, 13o 

corrosion in. of non-ferrous meUK 
13ti 

of relllft | 1 . e(', lellts, 37 
of -tee], 130 

for trypii al rwail const no I' 1 

repairs, resins (or, 3* 

Concrete pip*', • athodi< piotvi timi. 
110 

t oiulensatioii, t hemi.stry of, 1\> 

( ondut tioii, of heat, in solids. 374 
Loitdu* ti\ itv, e|e< ti i'.al in silicate-. On 
thermal, in glass melting, tin 
in packed Inals. 379 
Congo red. < oinplev s with tnb« i 
« urarme. 223 

Container*, bulk, for fruit stotagi . 3 (l 1 
t ontergan <><•» .\-rhtlui|ovlgiiitami< 
a* id mode., 22,0 

Cook Committee, milk t mnposition. 
•IK*, 493 

C< h* 1 ef s p rotarv, t3ii 
Cooling and hydro* filing of vege- 
tables, 3n.',' 

prin ess. i ;isi -,'ule refrigeration, •*/■* 
Cooling towel s, design, pa* kings and 
ti * hiii(|Ht c. 379 
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Cooling luntinuml 

water treatments, fouling and r or- 
rosion, b7b 

Couperin spp., control by organ i 
phosphorus compound, 47K 
( opolymers, butadiene -vinylpyridine 
solid fuel binder, lb* 
•■poxy-acrylic aldehyde. 1 Hi 
microgcls, 40b 
stymie-acrylic, 403 
styrene vinyl cyanide, 1 1 1 
sulphonat* s, 3bl 
with styrene, 11 2 

Copper, and zinc relationships, para- 
keratosis. i:;{ 
bicrystals, bo 
corrosion in water, 12*. 
decreased transfer to jnetu*. and 
lambs, 17*J 

«l« lii ien< ies, control in lambs ;uid 
calv« s, 17.1 

diagnosis, poisoning danger*, 173 
in cattle and sheep, 472 
determination in soils, 1 1> 
dietarv utilisation, eflrct.^of mn]\ h- 
denum and sulphate. 17V 
dillusion in 1 uass, til 
Hits t of hydrostatic pressun , 1 1 > 1 
*Tei trolytic slimes, constitution, pri 
fatigue hardened crystals, 04 
ilotation, process for, 7'.» 

with silver nitrate. .v.t 
in rubber soluble (orm, 312 

inhibition, 1 2 b 
oxidation, review, 12b 
poisonous hazards, b*l 
powder, elect rolv ti< , produ- tion. on 
r> i nwry from ores, 7ti 
from sulphide ores. Tti 
reiming in multiple tanklmuse, ‘.hi 
separation from t omplex ori s. 00 
single crystals, latigm testing, l . cl 
't*>rage in liver of sheep and i alv vs, 
17V 

-nl k utanet ms injet titui- tor <al\rs 
and sheep, 173 

me tif < 1 1 ] i r it bis-*-li vdroxv 
qmnolim -.3, 7-diaulphnnie acid 
sail < j f tetradiethylaniine. 173 
tra»es, effect *>n aluminium allo\ 
corrosion. 1 1 >■ 
in rubl>er. if In 
yellowing o| ]< atilt ts. 32 b 
< opj),-r alltivs. eh t In polishing, 1 IS 
with beryllium, coatings on steel, 

1 "pp,-r ai nun s, .u turn «»u wool, 3id 
< ai b< mate, I ue i< . i eiiii >\ a t <*| li v < 1 1 >< 
gen sulphide horn gas, »>on 


Copper — coni in ued 
dimethyldithiocarbamate, improve- 
ment of TMTD stock, 312 
halides, as nylon stabilisers, 364 
oleate, chromatographic colour re- 
agent, 316 

oxide, in TMTD stock, 312 
pentachlorophenate , inolluscicidc , 
478 

phthaJocvanincs, chlorinated, im- 
proved process for, 1 73 
salts, activation of sphalerite, 7V 
on pastures, 473 

sulphate, reduction by sulphur di- 
oxide, bn 

water-soluble, formation of, 7b 
sulphide- nickel, Ilotation process, 

Copper matte, smelting, heat require- 
ment, *n 

Copper ores, pressure leaching, 76 
Copra, processing, 268 
production of, 267 
Corrosion, aqueous and gaseous, 132 
atmospheric, mechanism, 1 2b 
bacterial studies, 12* 
by Hue-gas, 12b 
by lubricating oils, 127 
cathodic protection current, 1 lb 
cavitation mechanism, 3 2!* 
crevice, 126 
data survey, lbGll, 132 
economics, 122, 132 
electrochemical, 1 16 
1 1th European Federation Congress 
(Frankfurt lbbs), 132 
filiform, 13U 

fretting-, on metals, 12.* 
hydrogen damage in, 1 lb 
in acid refractories. 6b 
in boilers and turbines, 132 
in chemical industry, 132 
in electrocast refractories, b I 
marine handbook, 1060, 132 
mechanism research, 11-1 
metallurgical, testing, 131 
microbiological, related to sunspots 
128 

survey systems, 12s 
of calcareous stone, 13** 
of metals. 132 
bibliography, 13h 
prevention of, 132 
of refractories by glass, lib 
of tank blocks by clay, lib 
pitting, symposium Ibiib, 12b 
s\ iii|wisium, 132 
prut esses in glass tanks, 6u 
rale <»f work function, 121 



SUBJECT INDEX 


702 

Corrosion — continued 

stress-, and chemical reactivity, 1 IG 
mechanism of, 128 
metallurgy of, 132 
of aluminium-magnesium alloy, 

1 18 

symposium, 128 

translation of foreign terms, 132 
under torsion. 129 
underground, microbiological, 128 
Corrosion- inhibitors, of metals, 12"*. 
126. 132 

in cooling towers, 579 
Corrosion-resistance, of pumps. 57a 
of pure aluminium, 82 
Corrosion tests, cathodic protection. 
129 

Corrosion testing, and rate of, 131 
Corticoids, 6a. ltix-dimethylated. pre- 
paration of, 251 

17a-halo-analogues, synthesis, 253 
Corticosteroids, dehydrogenation with 
chloranil. 255 

Corticosterone acetate 1 1 -nitrite, con- 
version to aldosterone acetate 
oxime, 2 19 

Cortisone. A 1 * 2 '■'-hydroxy deriva- 
tives. 255 

Corundum-inulUte. boundary sys- 
tems, 6* 

Cosmetic emulsions, components and 
oxidation, 287 
Cotton, dyestuff* for, 173 

einlx)s>ing with Ml ; and I’C r» >ins 
3*7 

wash and wear chara*. tcristi* >, 136 
Cotton fibres, morphological proper- 
ties, 34* 

Cotton linters, modifa ation for paper, 
333 

Cottonseed, improvement by -*oda 
ash, 269 

methyl esters, antioxidants f>>r, 2*7 
processing. 26* 
processing losses. 2*>* 
reparation, processing, 269 
Cottonseed meal, removal of pig- 
ments, 271 

Cottonseed oil, colour improvement. 
273 

* rvstallisation to salad oil, 276 
diet for animals, 299 
fractionated esters, 2 f .M) 
hydrogenation of. 272 
in sheep rations, 3<)0 
mi sc cl la refining, 271, 275 
neutralisation of, 271 
Coumarm, induction of barley germ- 
ination, 519 


Couinariii — continued 
structure of, 156 

Coil m arms, new fluorescent com- 
pounds, 158 

Courlene TI\ polymer fibre, 368 
Courlene X3, polyethylene fibre, 368 
Cows, composition of blood plasma, 
302 

dairy, breed related to milk compo- 
sition, 490 

breeding for higher SNE, 491 
feeding and costs for higher SN E 
content of milk, 491 
lipid, roughage and concentrate 
diet. 301 

Shorthorns for higher SXE. 490 
maturity and nutritional plane, 468 
nutrition around parturition, 469 
steaming-up causes, 47n 
Crab, canned, browning of, 31 1 
low- temperature Ixiiling, M2 
struvite suppression, 312 
C nimbi' AhyttiHictt, components, 296 
Crav- fish, struvite suppression, 312 
Creep, characteristics of grain bound- 
ary beha\i‘»ur. 93 
grain boundary migration. 1 1 1 
Creep rate, ellect of stress, 9* 
in nickel-iron, 9* 

Crt svlics. sales statistics, 37* 

<T«*nar. polyester film support. 17* 
t mps. protective chemicals. 3*4 
yield, and food value*, bacfeiial 
fe rtilisers. 361 

i intario, related to exchangeable 
potassium of soil, 449 

< rm ibb*, for rare earths, 83 
sinter, of i arboruudum, 1 1 

Crumb softeners, foods, 1*6, 
Crystallisation. as purification pr>>- 

t i vstallurea, in sulphonamides. 21" 

( rystobabte, phase diagram, 6, l 

< cjltur*- media, animal cell growth, 

* heaper substitutes, 332 
NCTC 109. 333 

water polluting organisms. 313 - 
316.319 

Cmuriie, new prf* ess for, phenol. I 1" 
prodti* tion of phenol from, 141 
Cupro-nir kel. corrosion in sea water. 
1 * fi 

< uprous a/ide, sensitivity, 2n" 
Cuprous < hloridr. oxidation, 34 
Cuprous « vaniije, 34 

Curare, and antuuraro compounds, 
232 

history and use s, 232 
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Curare — continued 
problem, anaesthesiology, 232 
synthetic compounds, 232 
synthetically active materials, 
pharmacology, 232 
Curare- like activity, estimation of, 

Curarc-like compounds, 232 
Curariform drugs, nniromyal trans- 
mission, 232 

Curarino-1, clinical uses, 220 
Curarine-^C, distribution study in 
mouse diaphragm, 220 
Curarising activity, compounds with, 
22 1 

( ui arising compounds, evaluation of. 

Currents, high-frequency, for mineral 
cleaning, 72 

C yan a cut h vdrazide, ev a I nation 
against sheep lungworms. 17s 
atlverse reports, 47* 
piperazine salt of Icvulinic acid 
hvdrazoneof, tolerance bv cattle, 
17s 

Cvanamides, polymerisation improv- 
ers, .‘hit 

Cyanic acid, formation, 3<> 

Cyanine lives, various structures, 
171 

Cyanoacrylates, as adhesives, 302 
( vanoi thvlation, of cotton linters, 
333 

Cyanogen, formation, 3o 
1 6-C vano-3-prcgni , ni , -3,2i i diol , 230 
( vi lohevamin, intravenous anaes- 
thetic, 233 

Cyclohexane derivatives, nitrosation 
discovery, 300 

( 'vclohexanccarlx>xvlic <u id, lorma- 
tion of caprolactams, 303 
(> an '• ! . l-( yclohexanedicarlmxylic 
acid, polymerisation, 303 
i , 1 I'vclcihexancdimethanol polymer 
with terepht Italic a< id, 17* 

( y< lohexamme. by autoxidatinn of 
( ' Johewlbenzette. 303 
t v< lohexene screening of aulio/o- 
riant s, 313 

< YrlohexYlaminr. oxidation by hy- 
drogen peroxub*. 300 
C 'vduiiexv ’Iniidamiue, preparation of, 
1 1 3 

Cyclopeutadienes, n at lion with 
alkaline earth metals, I3i> 
with drying this, 123 
with vinvlloluenr, 113 
Cycloserine, treatment of tubercu- 
losis, 211 


Cyclotetramethylenetetranitraminc. 

^ {See HMX), 200 

Cyclotrimethylenctrinitramine (See 
RDX), 200 

Cyclotrimethylcnetrinitrosamine, de- 
composition kinetics, 200 

Cylinders, behaviour against plates, 
111 

tymbopogun Martin, grass, paper 
pulp from, 348 

Cystamine, protective action, 238 

(. ysteine, protection of living things, 
238 

Cystine, decomposition in ethyl- 
amine, 361 

food supplementation, 485 
tracing, in wool, 334 

Cytochrome C, isolation on exchange 
resins, 260 

Cytochrome oxidase, reduction of 
aitixity by bicarbonate, 463 


D 

2,1-1), in malting of barley, 520 
Dacron 02. polyester filament varn, 
372 

Dairies, sterilised milk and delivery 
problems, 500 

Dairy industry, British publications, 
403 

Dairv products, 480 
Dandruff, in calves, 304 
Dapsone, treatment of malaria, 214 
Dana], 230 

Dating, of Dead Sea Scrolls, 327 
DDYP, anthelmintic tests, 478 
Deca-2.4-dienal, formation in oils, 
285, 2 m* 

Deca-2,4-dionals, from autoxidised 
palm and groundnut oils, 286 
1 frcamothoniimi, action on muscle > 
223 

antagonism by carbon dioxide, 220 
effects of, 220 

of sodium l- thyroxine on, 220 
resemblance to tubocurarine, 224 
lVcamothonium dioxide, neuromus- 
cular blocking compound, 222 
I Veamcthylenebis (diniethylbenzyl - 
ammonium) chloride, neuromuscu- 
lar blocking compounds, 222 
Dec a in el h vlcnebis (tri methyl - 
ammonium) methosulphate, neuro- 
muscular blocking compounds, 222 
IVcav, forecast of, in fruit, 303 
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Decvl alcohol. eliet t on hirerne Wont, 
47b 

•M l-Dehydro Ilja-metliyi sferoirts. 

preparation of, Vik> 

Dr me thylchloi tetracycline. anti- 
biotics, 'Jib 
review, Vis 

Deoxycorticosterone, com vision to 
butenolide, *J»Vl 
sodium-retaining potciK-v, vbv 
l Vox vernation, in water treatment. 
IV7 

DeoxyrilH.uiucleasc,nlentilKation. Vbl 
l Voxy ribonucleic acid, growth pat- 
tern in yeast, VJI 
Dt -polymerisation, studies, Mil 
1 depressants, tor nervous system, vt; 

1 dermatitis, due to cement i hvomium, 

:ss 

i);'i'.ipkonbri“ jestiuiri!, and If. r/r. <■:>!' 
phitru\tii>. bolt 

1 vtergents, common, loams of. *»•»'.> 
corrosion of zinc. I Vo 
household. i ontaining mmi .pei-aii- 
phates. 17 

literature review, *J7n 
soil suspensing compound', T/l 
1 detonating cord, preparation, Vos 
Detonation, pressures in TNT, Voo 
theory, of explosives, V".'. 

Detonators, electric, Vos 
tillers, igniters, d**tav i nmpusitio,;., 

VMH 

lor explosives, VII 1 

waterproofing and processing, V"*' 
Dew point. pipe lagging. .',7'.* 

Dextran. monoazos from. his 
Dextrans. a^ photograph!' media. 1"? 
Dextran nitrate- nickel, edditiw fm 
«:<>>iopropellants. I ns. 

Dextrin, adhesives. ;im; 

Diaceti* a< id. -alts, use m foodv D«, 

1 . t-Diac etoxv-V- methylnaphtin 1 
U-nzyb^iethvlammoniutn. prop. • 
tics of, JV l 

Diacetvl, in butter flavouring, V7r. 
Diagram of State, Hr. tr--. h< mist;' 

I VI 

\ * (I>ialkvlamitioalk\ h,u rviam-d 1 
polymers, for photography, 1 7*.< 
Di(alkylamino)alkvl iMrr->. of v- 
t arboxylic acids, atiimtv for s*. n 
thctic film s, hilt 

Dialkyl aminoalkvl theophyllines, 
stimulants, V.'td 

p-DialkvIaminof/enzaidehvdr v < oii- 
dcnsation to pigments, J?t 
p- Dialky llicnzenes. oxidatimi pro 

, f d7d 


lNlU-X 

•» . b-Dinlkyb 1 . 3-oxaziuu* V 1 -diones, 
sedatives, VM8 

V.V- Dialky Ipiperazine-VT-diiiius, pn 
pa ration, VTi 

V .V - Dialky 1 -propanrdi ol-l , ,'f - }>j s 
lalkoxyalkvl -carbamates! . hvpno 
tics, Vdb 

Dialkyl sulphoxide, puriiv -ation oj 
terepht Italic acid, 'AT,\ 

V.V - Dialkyl - thiomorpholiue d.ii-di 
oin-s. preparation, Vdb 
Dialysis, svnthetic membranes, :»7s 
1 >iamidino-earbaniUde -isotli 
innate (Amicarbalidei, activity 
against ft roJhaini and It. i li ;v f 
ecu-. vir> 

I, I Diamidino - dia/oaminolKij/riie 
i. Hen-nib treatment oi b.du -laid-. 

V I 1 

Diamines, aromatic, IT> 

production from alkvibeu/.eiK . 

<i Diamines, reai lion with wool tdavs, 
:i;.7 

<■ Diamines, Inaueue compounds, for- 
mation, ITcJ 

l hamino-alkoxvpvrhliiiis. inhibition 
of protozoa. VI’.* 

l . I -1 »iamino amhraquinou- dispels 
dyes. 17 V 

V . ■> - Diamitlo - allt hr.Kjuinolie. . mi- 
■le libation with V.Ibdibromoanthra- 
ijwinono, I7n 

Diamin.i anthrarjniiioTies, I ► ami 
1 produ< tion of, l ib 
l.V - i liamino-antlmujuinoner , i < .mh n 
->ati ■!! with beiizaldehvde, 171 
nii -Diatnino-dibut vl ether dunethi*'- 
dides, derivatives, neuronius. nlav 
a< mu\ VV-* 

j 1 I 1 • Diamino -diphrii vl ;ul|ihum 
| i Dai— .riei heatmeiit of inn lan.t 

| VII 

j V . 1 1 - 1 liaimiio - .» - phenvla/opvnditi' 

J siilphatna/tiV'. a/osulph»naniid>- 

VII 

Di - /> - iaimiiopii.-in l.lml.ulien* in 
termiiliate-., I 17 

,\ S' - Di u; • <uniin iplu n vl-ulphoin i ! 

phenvli-JK -ihamim formation, li t, 

\ V - Difammoplu nvii 1< rcplitfialu- 
imd*s. formation, lbb 
I. P- 1 liaminoplienvlure.i';, formation. 
Kid 

Diamino-tru/iiv s. surlner coatiiu 1 . 
r* sins. :K, 

Dtnnmnd-t. alluvial, in Sierra beorir, 

1 

from f’eliriuii i ongo, f 
indu-trial. uii reusing oilcs, I 
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Diamonds, industrial— continue// 
world output, -4 

mining practice in S. Africa. 

mechanical concentration, 1 
Russian developments, 1 
Swedish, characteristics, I 
synthesis methods, 4 
synthetic, output and uses, 4 
A'- ray crystallography, 4 
1 Jiarrhoea, in calves, 3f)4 

9.5- Diary laminoterephthalie acids, 
cyclisation, 174 

Diaryl -phosphinvl halides, plastic 
properties, 39b 

Diathesis, exudative, methionine and 
i ystine supplements, 171 
prevention in chirks bv selenium, 
471 

1,1- 1 fiazidr»-stilbenr-9 1 9'-r/.sulphonic 
acid light-sensitive photographic 
material, l*b 

1 liazuion, anthelmintic tests, 47^ 
Diazo compounds, destruction bv 
light, bl* 

Diazorvanines, basic, 17b 
Diazo-exchange reac tion, 155 
I ijazoinethaue, reaction with trinitro- 
benzene, 907 

Dia/oniiim tetrafluornbnrate, on 
aluiiiiiiimn photographic. process, 
1SS 

e-Dia/o oxides, structure study, bd 
Diazotisation, mechanism and kin- 
etics, I 19. 1 lb 

I )ibenz - aredianthrones, formation, 

170 

I )iben/ - itnida/olv Ifurans. whitriiers. 
157 

1 )ilx nzimidaz,ol\ Ipyrrole. brighteni rs, 
for fibres, 157 

Dilienziminazolylthiophen, formation 
for whiteiiers, 1 57 

r- fi - 1 hhenzoxazolvlethvlrnr, efteet 
on synthetic fibre*, 157 
Dibenzovl disulphide, ettect on rub 
her latex. 3b* 

Dibeiupvnnedione, bromiuation to 
Vat t >range l , 171 

Diborane. formation of heat stable 
polviners, .'19b 

hiboroii tetrachloride, polymerisa- 
tion reagent, 597 

9.5- 1 >ibmmoatithia<pnnone, conden- 
sation with 9.'Wfaininnnnthra<inni- 
nne, I7*i 

Dihut vlguanidinr, flotation collectors, 

9,b-l )ihiit vl - 1 -met lioxy phenol (HI 1T1 
antioxidant for oils. 9*K 
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Dibutyl phthalatc, plasticised cellu- 
lose acetate, 439 
plasticisers, 433 

Dibutylurea, flotation collectors, 79 
l >ic arboxylic acids, aromatic produc- 
tion from alkylbenzenes, 135 
Dichapetahtm ioxicarimn , toxic seeds, 
991 

Diehloramine T, oxidants for metal 
phthalocyanincs, 173 
Dichlorbenzene, production of, 138 
Dichloroacetamidcs, clinical value of, 
919 

i tichloroanthraquinoncs, condensa- 
tion with aminoacedianthrones, 170 
! tichlorobenzcncs, isomerisation, 143 
I Jichloroditluoromethane, blowing 
compounds for polystyrene, 406 
9,9-1 )ichloro-l ,1-dilluoroethyl methyl- 
ether (See Methoxvflurane), 933 * 

1 , 5 - 1 )ichloro-2,7-dinitroaccnaphthcne, 
production, 149 

x7.-Diehloro-33* < hphenylethane-4,4'- 
dicarboxvlic acid, formation of vat 
(1 vest lifts, 17b 

9,4-DichloTO-li-phcnyl-l,3,5-triazine, 
linking dyestuffs, 170 
9a 1 1 S - 1 lichloroprogesterone, forma- 
tion, 951 

9, Ci - 1 Mchloroquinonechloroimicle, re- 
agent for gallate esters, 9*0 
9a, 1 1 3 - Dichloro - steroid, biological 
activity, 951 

Dicumvl peroxide, autocatalytic de- 
gradation, 313, 
cracking of rubber, 313 
« uring of polyurethane rubbers, 31 b 
1 h< vandiamide, tor fire-resistance and 
finishing, 3S5 
melamine production, 3*9 
phenolic resin, for paper surfacing, 
3m; 

production of resins, 3*4 
raw materials for resins, 3*5 
3. t-Dh. vanopyrazoles, 5-amino-, pre- 
paration, 151 

Dieldrin. efficiency as mothproofing 
compound, 354 

Dielectric constant, moisture deter- 
minations, 397 

Diets, protein-deficient, fish flour for, 
513 

Dietary requirements of man. -1S9 
Diethylamide, drugs, 939 
9 1 )iethvlamiuoethoxyethyl-a-phcnyl- 
s-piperidinoacotate dimethiodides, 
muscle relaxant, 995 
1 >iethvlaminoethvl cellulose (DEAR), 
ion-exchange capacity, 960 
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p-Diethylaminocthyl diphenvlpropvl- I 2,2'-Dimethoxydiphenyl-4,4'-dusO' 


acetate hydrochloride, effect on 
drug therapeutics, 218 
!} - Diethylaminoethyl methacrylate 
polymer, for photography, 187 
Diethvlaminomethvlene groupings, in 
gum stocks. 314 

Diethylcarbamazine, control of cattle 
lungworm, 478 

Dicthylenetriamine, sludge leaching, 
76 

Diethylenie acids, fission of, *201 
Pi(2-ethylhexyl) hydrogen plios- 
phate, separation of thorium, 77 

3.3- Diethvloxetane. anaesthetic anil 
anticonvulsant, 233 

3, 3'-Dicthylthiacarboeyanin<\ bro- 
mide, and iodide, structure data, 
174 

iodide, (Dithiazanine), treatment 
of helminths and enterobiasis, 
2lb 

Diethyltridec-6-yl phosphate, separa- 
tion solvent for thorium, 77 
Diffusion, adsorption isotherm, 577 
at oil-water interface, T*77 
in boundary* layers, mathematics. 

in ion- exchange resins, 2-39 
16,16- Di ftuoro-oest ron e- 3 * in et h vl 
ether, hvpocholesteri-mu activitv, 
252 

21 ,2 l-Pifiuoro-steroids. synthesis, 255 
Digester, continuous, fur hardwood 
pulp, 349 

Digestive system of calves, 476 
Digitoxin. activity, 253 
'.i,l 1-Dihalogeno-steroids, 236 
Dihydrocivrtone. from fattv .u id-., 
263 

Dihydro- 'verytbroidine, reseinblanr e 
to tubocurarin*:, 221 

1, 1-Dihydropertiuorobutanol, as foam 
breaker, 565 

Dihydrostreptomycin, treatment of 
tuberculosis, 212 

2.4- Dihydrox vbenzophenoiie, im - 
provf-r for ethvl cellulose tilrns, 426 

6, 16-Dih vdrox vstearic acid, polvtner-, 
12 s 

Dihydroxystearii glycerides, emul-i- 
tuTS for edible fats, 27*'. 

Di-isoaikyl phthalates, treatment of 
smokeless powder, 166 
Di-isobutene, earbonvlation, 436 
Di-isopropyl ether, containing acetyl 
chloride, 442 

Diloxanide, treatment of amnebn 
dysentry, 212 


cyanatc, polymers, 316 

2.2- Dimcthoxypropanc, reaction with 
diazomethane, 291 

3-l)imethylaminocthyl benzylamide, 
muscle re lax a nts, 223 
Pimethyhuiunoethyl-5-ethoxymethyl 
furan-2*carboxylate methiodide. 
neuromuscular activity, 225 
3- Dimethvlaniinoethyl methylatnide, 
muscle relaxant s, 223 
.V-(3-Dimethylaminopropyl)-iminodi- 
benzyl, (Tofranil), depressant, phar- 
macology, toxicology, 238 
Dimethylaniline, polymerisation initi- 
ator. 362 

Dimethylbutadiene, co-autoxidation 
with methyl linoleate, 269 

2.2- l>imethyibutane-l,3-diol ) new sol- 
vents, 434 

Ditnethylformamkle, addition to l'.l\ 
glues, 365 

purification of trrephthalir acid, 
373 

Pimethvlhydrazine, unsvinmetiii al, 
as rocket fuel. Is 

.V.V-Dimethyl-4-hvdroxytryptamine, 
phosphoric ester, synthesis, 236 
Diincthvl itaeonate, copolymer pr<>- 
perties, 409 

with stvreiie, copolvmer production 
in Italy, 464 

Dimethyl maleate, plasticiser for- 
mat ion, 29 1 

Dimethyl maleate .V-/>-phenvlmaIe- 
inimiile, reaction witfi wool fibres, 
3. >6 

2,ii-l)imethvltK ta-2,6-dii nr, as model 
fur natural rubber, 3 lu 
1 >imethv]nh thylrnrurea (D.M.K. 1‘. i 
bletuls, drip-dry finishes for tex- 
tiles, >6 

Dinuthvlolurea, detection in leatlier, 
326 

for < r«-ase-resi>ting fabrics, 3*6 
I finiethvloxvsilane, waterproofing <4 
soil. I!* 

Dimethvlplu nyl-p-< resol, and iron 
salt, processing NHK latex, 316 
I finu thylphthalM a* id, piodm tioii 
from xylene, 136 

hi. 1 6- Dimethyl prednisone a* elate, 

6.3- 2 1 I litneihvlprenuy ni'lriol , pre- 
paration, 236 

6x, 16a-Dimetliylprog<ster<me, deri- 
vatives formation, 231 
Dimethyl terephthalate, ester inter- 
» hangc equilibria, 374 
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Dimethyl — continued 
intermediate for polyester fibres 
372 

3, 3' - Dimcthylthiacyaninc bromide, 
and iodide structure data, 171 
OO-Dimetlivl 2,2, 2-trichloro-l -hy- 
droxymethyl phosphonate, (Xeg- 
u von), anthelmintic, 220 
Dimorphccolic acid, identification 
characteristics, 200 
Dinitrobenzrnes, o and p, improved 
preparation, M7 

t.O-Dinitro-2-diazophenol, quinonoid 
structure, study, 102 
2,-l-Dinitrophenol, neuromuscular 
effects, 220 

1 Jinitro-p-phenyletliylnitrate, smok< - 
less powder, 1% 

2, l-Dinitrophenylhydnizoiie, of vege- 
table flavour compounds, 285 

3 , r»- Dinit ro-n-tolu amide, clicmo- 
therapy of caecal coccidiosis, 22b 

Dinitrotoluene, 2.1- an<l 2,0-, infra- 
red determination. 1 55 
I Jinuclecitides, complexes with pep- 
tides, 523 

1 >ioctylsodiunisulphosuccinat<*. films, 
thickness of, 52 I 

1 .3- Dioxans, sedatives, 23* 

1 .3- 1 Jioxolans, sedatives, 23s 

I >ipersulphatrs, alkali and alkaline 
earth, 20 

Diphenhydramine, TKA antagonism, 
220 

Diphenvlarnim*. residues on apples 
51)0 

5,7- Diphenyl- 1 ,3-diaza-adamant-0-ol, 
convulsant stimulants, 232 
Diphenylguanidine, (DPtis. it-oss- 
linking, in rubber. 3 J 1 
flotation collei tors, 72 
Diphenyl keto-aldehydes, activity 
against viruses, 21 1 
1 >i p h on ylmethylpseudo thioureas, 
slimniants, 238 

l , 1 -1 )iphen\*l-2-pi< rylhvdrazvl , effect 
on free radical reactions, 311 
Diphenvhirea. flotation collectors, 72 
Diphetarsone in control of colitis, 212 
with spiramycin, treatment of 
oxvunasis, 22b 

I hpicrvl sulphone, as detonating cord, 
2 1 is 

Dipterex, anthelmintic tests. ITS 

I >iquel, preparation, tranquilliser. 23b 

I I hsalit’, propel lant, hazards with, 128 
Diseases, infectious, immunity from 

parents colostrum, 47n 
Disinfectants, of chlorine ox y acids, 15 


Disinfection, halogens and Clostridium 
toxins, 548 

microbiology of water and sewage, 
54 1 

Dispersing compounds, 304 
Distaval, ( See iV-Phthaloylglutamic 
acid imidc), 235 

Distillation, azeotropic, efficiency of 
572 

international symposium at 
Brighton, 572 
plate efficiencies, 578 
relative volatilities, 578 
vapour-liquid equilibrium, 578 
Distillation columns, determination 
of pressure drop, 578 
1 fistillation systems, trace component 
identity, 578 

Disulphides, organic, initiators, 383 
Disulphide bonds, intermole cular, of 
dough, 48G 

Dithiazanine (See 3,3'-Diethylthia- 
carbocyanine iodide, 215 
Dithizone, reagent for mercury, 280 
Di-otolylguanidine dicatechol borate, 
detection in rubber, 316 
Di -p - tolylsulphonylhvdroxylamine- 
oxygen, polymerisation initiator, 

Ditophal, ( See Hthyl dithiol-tereph- 
thalate), 212 

Ditridecyl amine, separation of thoria 
from uranium effluent, 77 
Di-o-trinitrotoluene, caking inhibitor 
for ammonium nitrate, 206 
Divinvlbenzene, copolvmers with sty- 
rene, 406 

modified stvrenated alkyds, 418 
1,2 - Divinvloxycthanc, polymerisa- 
tion, 42U 

Divinyl sulphone, plasticiser forma- 
tion, 204 

Di vinyl sulphoncs, reaction with wool 
fibres, 35C 

D.M.E.U. - butadiene - acrylonitrile 
latex, improver for cotton carpet 
yarn, 380 

D.M.15 ethers, crease-proofing fab- 
rics, 387 

Docks, cathodic protection, 128 
2,2' - Dodecamcthylenebis - (AW - di - 
methyl-piperidinium) iodide, 
muscle relaxant, 225 
Dodoma riscosa, components, 206 
Dogfish liver oil, alkoxvrff glycerides, 
220 

I>olomite, effect on quicklime quality, 
40 

processing of nickel, 8b 
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m 

Dolo mite — r*» m t r u ue d 
reduction with fermsilicou to mag- 
nesium, h(l 

separation of magnesia from, 33 
synthetic, preparation, 33 
Doriden, (See a-Ethyl-x-phenylgluta- 
rimidel, *234 

Dormval, (See l-w-.\minophenyl-*2- 
pvridonei, *237 

Doughs, breakage of disulphide link- 
ages, -1ST 

chilled, stability of fat in. ‘2*b 
mechanical development and pre- 
ferments. 4S7 
energy* requirements. -1ST 
presence of thioctie acid in, 4 m’. 

A'- ray diffraction pattern, 48b 
rheological properties and distil 
phide bonds, -|8i> 

Dow co 103, anthelmintic tests. 47* 
m\r. vulcanisation of NBK. 310 
DDFD, toxicity in fish meal, .313 
Drainage, equation for paperpulp 
machine, 330 

in paper pulp machines. 3.31 
raea.su r ement appara t «: s , 33 ! 
with high-yield kraft. 331 
1 Jrainage rate, of foam. 3* 1 .* 

Drainers, of a. rvlic sheet, 3M 
Drinks, soft, control*. ontr..v.*rsy, 4*3 
] >rngs, nv'v. in lb3b, *21* 
three-dimensional design, *21* 
v.-tt-rinary, 47*1 

Dryers, roll, yankee, yost-pri-'-ur •. 
slvet < '.msistenev d« termination. 
3.3i i 

rotary, 43*. 

Drying, hv radiant heat 33*i 
by ultrasonics, 33 m 
by Vortex impulse pr«. c-v 
freeze, vaninm, for foods, .31 1 

ii s.* uf expand.*-. 1 metal pi. it- 
and micro-waves, 3| I 
without vacuum. 3<*b 
infra-red, of paper, 33* > 
pro css for paper. 33b 
spray-, h*-\t and m,w tran-f. -r. 

systems for fertiliser granulation 
4.3 m 

I'um*: prevention, 1-3n 
thermo-, in fluidised Iwds. 37- 
Drying oils, arido ivsis, 4*2* 
analysis of, V-M 
chemical constitution, 123 
chemistry of, t’2b 
esters of jKiIyeth^r a!* ohols, I ‘2b 
lor alkyd r< -ius. 423 
for varnishe*. 424 


Drying oils — continued 
lectures, 4 ‘2b 
market for, 4*21 
new polymer products, |‘2h 
IHilynierisation, 4*23 
reaction with styrene, 413 
separation methods, 270 
synthetic (aluminium), 4*2$ 
Duralumin, tensile tests at high press- 
ures, UHl 

Dust, separation from gases and 
froth, 373 

Dye intermediates, 147 
production and uses of, 1 1*2 
Dyes, aininoanthraquinone, linking 
with ami nopht Halo vlacridonr, 
17*i 

aminoilisazo, preparation, K'.l 
aminophthah»yIarridt>ne, linking to 
am inoanthruqui nones , 1 7(1 
as tannages, 3*23 

azo-, diazotisation mechanism, ltd 
for cotton fabric, H*8 
oxidative coupling, 1 (Vs 
azoic, 1*33 

aznleiie polymethine, I7(i 
basic, f*>r po/vvinvl cyanide, l*’.r» 
Ix-u/dithiylnim, 17*’. 
beii/idine bisazo, absorption sped- 
ra. HU 

blue, light fastness, 170 
i nrbazole iudopheiiol sulphur, 17*'. 
rhloro-<-tri;*zinvl. lit 3 
I'ibaeroii, i heim. a l constitution. 

Id I 

i vanine, various strut tores, 171 
cyclobuta-polwy* he quinines, 1 7*i 
dDa/.o-. metallised benzidine, it.s 
metallised stdhme, Ills 
disperse, for sviitle tii ubres. It. 1 ,' 
n a* live, l <13 

export intematu *nal >1 atistics, I ('.** 
for «ott‘.n, triazolc-, trisa/n- aiul 
tetrakissuo-, I tiss 
fugitive, < arlx>hydrates, 1*1.* 
imulazolium, formation. Ho 
jsoindfilcnine, 171 
mechanism and fastness, ipo 
1,‘2-tnetal lotnplrx. halogenna- v! 
ammo-derivatives. r<M« tivitv t" 

. ell, line,-, J 

metallised a zo, lakes, H»b 
m> t dlis.-d < i»mjde\, l*’-3 
nub hi lie, I “\\ 

tui I k protein analysis, lb3 
monoa/o-, l 118 
metallisable, lf.K 
svnthesis and properties, HiS 
new . fur cotton, nvlon. ravon, 148 
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Dyes . — iontiuufd 

1 - nil rosn - fi-sulphamoyl-2-napli - 
thols, iron complexes, 17G 
170 

phthaloperine, 170 
poly-azo-, metallised, lGs 
I'rorion, for wool dyeing, 357 
reaction with cellulose, Iftl 
n -active, If,! 

acid anthiaquinones, 1G9 
activated groups in, ]G2 
for nv Ion, 10s 
recent academic work, I GO 
tvtrakisazo, preparation, 101 
i nplienylinethane, 173 
\ it. 170 

anthraquinone carbazole, 171' 
anthraquinones, 172 
cobalt plithaloeyanines, 1 Ti» 
inda/olv , (impounds, 171 
teira-arboxvnaphtlialone, 171 
\ at Orange I, formation of, 171 
wool, at id, 171 

Dyeing of leather, im -ehanism study, 

I >vnamite. , onlaitiing water-insoluble 
r« >iti, 7i»0 

1 > v 1 1 - l id*re^. d -v< -loptnent, 310 

Dvnel .* 1 1 e e t - . bonding, 315 

1 *vi ittci v, h.e dlarv, drug treatment 
of. 91* 

I iv^prosimn. ], reparation from rtuor- 

D\ trophy. iiium ular. > u rations for 
iamb jirotei tion, 371 
in rattle, iheep and goats’, 3b5 
in land -. d:« t in prc« autioiw, 
171 


K 

Ebonite. ,i>h values, eoinparisou, 317 
EMlm-nD. , hl.»ride and pickle liquor, 
hydro blonde arid recovery, 13 
di-po-.d ,.f. :v‘n 

Until uv.uu on i. « n - 1 - v i hanae plant, 

iron -nilphate. iv« o\i-r\ <0 iron 
oxide, , 1 j >li iii'ii at id In >in, ’’5 
tannery, nnalv is and v'lf-puritira- 
!imi. MVf, 

vegetable tannin?:. 33b 
Kgg prodnttioii, related to oxytetra- 
c while response, 331 
with antibiotics, 534 
iumrrm spn . experimental inflations 
and anti, <>i . idial "Uidies, 479 
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Him aria — continued 
maxima, reduced boevst prod m - 
tion, 470 

ttuella, infections, control with 
amprolium (compounds, 2 1 4 
Klacostearic acid, reactions, 294 
Elastic tissue, isolation and staining 
321 

Elasticity, visco-, of paper, 342 
Elastin, colorimetric detcrminatioii, 
321 

Elastomers, high-temperature, 313 
Electrical conductivity, in fibres, 33 1 
in glass, G9 

of magnesium oxide crystals, 6S 
of minerals, 73 
of organic liquids, 437 
Electrical discharge, polymerisation of 
linseed oil, 423 

Electrical double layer, thickness 
measurement, 591 

Electrical measurement, in metal- 
lurgy. 93 

Electrical properties, of paper, 344 
Elect rkal resistance, measurement a l 
low temperature, 93 
Electrochemical methods, interrupte r 
and potentiostats, 131 
Electrochemistry exomorphic couples, 
124 

Electrodes, eleetrochcmical methods, 

131 

of ’platinised titanium, for brine 
electrolysis, 13 

tantalum platinum, for cathodi< 
protection, lift 

titanium -platinum, for cathodie 
protection. 1 If. 
with corrosion layers, 124 
Electrnkinctii properties, of cellulose. 
349 

Klei trokiiuti; streaming, in fibres, 
35 1 

Electrolysis, re tilling of vanadium , 

Electrolytes, effect in valley boater 
test, 351 

Electrolytic, processes, for brine eki - 
truly sis. II 

Electromagnetic methods, mineral 
separation, 71 

Elec tron -beam processes, 2nd sym- 
posium, U2 

Electron difiraction, measurement of 
magnetic induction, 1 1 1 
Electronographic methods, lor re- 
agents on minerals, 71 
Electrophotography, new polymers 
for. 177 
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Electropolish ing, of metals, 132 
of surfaces, corrosion, 131 
Electrorefining, of beryllium, 91 
Electrostatics, charges on photo- 
graphic film, 18-1 

Electrostatic processing, concentra- 
tion of pebble phosphate, 32 
mineral separations, 71, 73 
of feldspar, 32 
potash beneficiation, 32 
Elements, mineral, seasonal e fleets in 
apple trees, 4a 7 

plant, concentration-variation con- 
cepts, 457 

trace, effect of fertilisers and 
manure, 40* » 

Ellipten (See x-f/>-Amiiu>phenyb-x- 
ethylglutarimidc), 23 1 
Emetine bismuth iodide, treatment 
of amoebic hepatitis, 213 
Emulsifying agents, foods, 4 m*» 
from animal glues, 32*» 

Emulsions, alkali-soluble, 391 
oil mixtures, for ilmenite flotation, 
73 

Emulsion systems, food, autoxidation 
of oils and fats, 2*t> 

Emyclate, {See 1 - Ethyl - 1 - methvl - 
propyl carbamate , 237 
Enamel-metal systems, porcelain 
kinetics, 09 

Enamines, steroidal, reaction with 
perch lor yl fluoride, 255 
Endognne sp. causing vesicular-arbu*- 
cular mycorrhi/a. 59 7 
Entamide, treatment of amoebic 
dysentry, 212 

Enterobiasis, treatment of. 215 
Enterococci, detection media, 515, 
549 

Enthalpy balance, determination of 
sheet consistency, 35* J 
Enzymes, oxidative, destroying bar- 
ley polyphenols, 520 
proteases, in pretanning, 321 
proteolytic, fish ensilages, 513 
.soil glucose oxidation, 412 
synthesis, brewing, 523, 527 
Enzymes, phosphate-dissolving, of 
soil, 5n i 

Enzyme activities, . ontrol in yeasts, 
523 

Enzyme preparations, in bread manu- 
facture, 4M9 

Enzyme systems, corrosion, 115 
wheat, radiation -damaged, 4-Sti 
Epilepsy, treatment with drugs, 234 j 
Equipment, for suction formation. 
350 I 


Erosion, by water and steel spheres 

129 

Erucic acid, conversion of, 293 
in fats, 293 

Erythrina sp., isolation of curare-like 
alkaloids, 221 

falc ala, isolation of curare-like 
alkaloids, 221 
Erythromycin, 532 
veterinary uses, -1 7*» 
Erythropoietin, purification, 294 
lischerickia colt, entcropathogenic, 
549 

growth, interference by other 
organisms, 514 

viability after chlorination, 541 
Estar, polyester film support, 17 m 
E sters, fatty, autoxidation mechan- 
ism, 284 
beadle! s. 279 

condensation with amines, 12s 
EthanoJamine, inhibitors, 125 
reaction with trinitrobenzene, 297 
Ethidium bromide, antitrypanosomal 
drug, IS* i 

Ethinamate ( 1 -et hynylnv /uhex vl- 
carbamate) hypnotic, metabolism, 
235 

Ethionamide (See x-Ethylisonicotinic 
thioamidr), 211 

9-Ethoxyb«-nzthia/olr-2-sulphon - 
amide, c ontrol of grand null and 
petit tv. al, 234 

/>• x-Ethoxy-/>-phenylpheiiac yl- 
amidot benzoie acid, 21 1 
Ethoxypropionie ai id, acrylates from. 
39** 

*’»- Ethoxy -2 ,2, 1 trimethyl - I ,2-di- 
hydrtH|uinoline (KMOj antioxidant 
f>»r oils, 2>*' 

Ethoxzolumide i;.SV< 9-Ethoxybenz- 
thiazole -2-sul phonarnule). 234 
Ethyl ace tate, plasticiser, 195 
2-Kthylanthraquinonrs, hvdrogen 
peroxide from, 17 

Ethyllxnzene, <onversion to poly- 
styrene, 4f*2 
prod' u< tion of, 13s 
sulphonation of, J 43 
Ethylbenzenesulplionii at id, u and p, 
preparation of. 14 I 
Ethyl butyrate, in butter flavouring, 
279 

Ethyl cellulose, coatings for self- 
healing condensers, 43(1 
explosives. 209 
photographic polymers, I m 2 
Ethyl chloroformate, esterification of 
collagen, 321 
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Ethylcyclohcxyldithiocarbamate, im- 
provement of ozone-resistant butyl 
products, 31b 

Ethyl dithiol-terephthalate and -iso- 
phthalatc, treatment of tubercu- 
losis, 21 ‘2 

Ethylene, from light naphtha, Ml 
industrial chemicals, 141 
production by plant tissue at low 
temperatures, MM 

Ethylene bis(dodecynyldimethylam- 
monium) chloride, neuromuscular 
blocking compounds, 222 
Efhylenediaminebis - ( o - hydroxy - 
phinylacelic acid), iron chlorosis 

studies, -101 

Ethylene dibromidr, industrial uses, 
Hi 

Ethylene dichloride, corrosion in 
chemical plant, J27 
Ethylene glycol, esters, chromato- 
graphic analysis, 282 
evaporation of, 374 
Ethylene glycol dielaidate, catalytic 
oxidation, 2*9 

Ethylene glycol dinitrate, toxicology, 

Kthvlene glycol monomvthyl ether, 
[‘Meets of vapour, 137 
ivtluleii** isophthalate mixed poly- 
esters. 17* 

Kthvlene oxide, fuel, specific impulse, 
198 

production. Ml 

Etlr li neurea, from alkybne carbon- 
ate, 3*1 

modification of M E. resins, 3*0 
Ivliivlene acids, fission of, 291 
2-Kthylhexanol foam inhibitors, 596 
2-Kthvlhrxyl esters, us lubricants, 293 
I - Etiivlisatin > - thiosemicarbazone, 
activity against neurotropic vat - 
[ ima. 21 1 

KtUvIisobutraziur. preparation, tran- 
quillisers, 236 

a-Ethvlivinicotine thioamide, treat- 
ment of tuberculosis, 21 1 
I Ethvi-i nut by 1 -propyl carbamate. 

(Nmii it.il), elinical activity, 237 
V - Ethvl - I - phrnyleyi lohexylantine, 
(( M lohexamin. Vl lttO) intravenous 
anaesthetics, 233 

x Iclbvl-a-phenylglutarimide, {Dori- 
den] structure and pharmacology 
231 

hypnotic drug, 234 

h'thvl- l-phenylpiperitline- l-carlxixyl- 
ate ureides. preparation as hyp- 
notics, 233 
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*Y - Ethyl - 3 - piperidyl cyclopentyl - 
phenyl-glycollate, clinical effects, 
231) 

2 - Ethyl - 3 - propylglycid amide (Oui- 
actin) clinical action, 238 
or- Ethyltryptamine, (Monase) stimu- 
lant, 238 

A ' - Ethylurea, K - (3 - amino - 4 - hyd - 
roxybcnzene-sulphonyl )-, diazot- 
isable amines, 1-18 
-Y- (4 -amino- 3- hydroxy- fj -methyl - 
benzenesulphonyl), diazotisable 
aminos, 148 

Ethynyl carbinols, hypnotics, 235 
1 7 x- Etlivnyl- 1 3 -nor testosterone, de- 
rivatives, 230 

1 7 x-Ethvnyltestostcrone, derivatives 
230 

Etisul (Sec Ethyl dithiol- terephthal- 
ate) 212 

Elucalyptus sulphate pulp, paper 
strength, 343 

linadyptm wandoo, isolation of hydr- 
oxy stilbenes, 322 

Huonvmus verrucosa, components, 290 
Europium, pure, preparation of, 83 
Euxenitc, recovery of constituents, 78 
recovcn' of rare earths, 78 
Evaporation, heat transfer coeffici- 
ents. 374 

Evaporoineter, solvent film measure- 
ments, 435 

Ewes, pregnant, raising liver-copper 
content, 173 

Exaltolide, formation, 203 
Kxaltone, formation, 293 
Exchange, cation-, of clay minerals, 
07 

ion-, capacity of pulps, 331 
concentration by, 31 
determination of silicate rock 
elements, 7 

new separation techniques, 259 
properties of cellulose, 260, 349 
recovery of uranium, 77, 90 
separation of rare earths, 91 
Exchange media, ion-, cellulose- 
based. 260 

Exchange resins. (Amberlite IRA- 
400) for leach liquor anions, 77 
cation-, oxidation catalyst, 136 
ion-, separation of hop a-acids, 522 
Explosions, fumes in, 207 
Explosives, cast, for under water use, 
206 

composition B and HBX, im- 
provement, 206 
containing aluminium, 206 
detonation theory. 205 
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Explosives- u 

gas- prod ucing compositions. 206 
high, tor civil use. HV.) 
industrial. ammonium nitrate for. 
1> 

initiation of ammonium nitrate, 2< ui 
initiators for, 2ld, 207 
layered, ultrasonic effect, 201 
moisture-proof, 200 
new, safe tv. 100 

nitrobenzene, w.’-nitro toluene, 
chlornitrolH'nzene, 200 
nuclear. ci\ i! applications, 2d.». 20. » 
PETN. TN L' and nitrocellulose. 10.1 
phosphorus content. 20»* 
pourable. 2ou 
preparation, pressing. 2* if 
propellant, developments. 2nJ 
ball ponder stability. 2iM 
grain <ia. 2'U 
handling methods. 2"1 
pour.ihility improvement, 2* • 1 
solvent recovery, 20 1 
wood pulp for. 104 
recent publications, for rocket pro- 
pellants. lo2 

safety, bisitrinitroethyl) urea, 10'.* 
seismic, in polyethylene, 2 On 
‘Wasaman’, 2m> 

«h*mt. lim-ur < \ plosion. 2**ii 
smokeless powders, treatment I b.'< 
[*.\p!»»>i\e forming, metallurgy. I II 
Infraction, solvent, apparatus. 271 
i hike feeding dm :< '.'71 

of isi; tlour, 315 

Extra* t*T' solvent process* >, 20'.» 


F 


Fabric-*, polymeric binder-, for. 3*'* 
Factor 3, of dried brewer's v**a.-t. I7‘* 
F e-rv-.s, water pollution, .M2, .Mo 
Farms, refrigerat'd milk tank-, f.»7 
fa rue sene, in hop oil. .222 
f-'tstwla he~ path: a, < arbon Mruchlonde 
,ind h**xaf More* than* * ontrol of, 

2 1 .i 

F as* ioliasis, control indirectly, 17* 
Fat's, addition to dried skirn rn ilk, 3o3 
animal, analysis of. 2*0 
production of, 207 
aqueous emulsions, as diet suppi* 
merits. 270 

but* tier's, antttvhiat jon . h.int'e .. 


j 

i 


h ats — conti n and 

carbonyl compounds, ioa exchange 
methods, 200 

chromatography of, 2*2. 283 
of component oils, 283 
crystallisation of, 270 
depot, of ruminants, 302 
derivatives, chemical production, 
202 

detection of antioxidants, 2*4 
deterioration, chromatographic in- 
vestigation. 285 

<leternunation in cocoa product-. 

2*2 

of iodine \aluc, 2*3 
determination in, of fat tv acids, 2*0 
of propyl ga l late, 2*1 
of thiuram disulphides. 2M 
dietarv related, to milk glv* erid> s, 
3 m 3' 

■ dibit-, an (oxidation oi, 2*3 
emulsifying compounds. 27b* 
produ* tion of. 27b 
effect of sorbic, acid on autoxidu 
lion, 2s'.t 

••poxidised derivatives, 42* 
-stiinatioii *»f unsaturate *n with 
hypochlorous a< id. 2*5 
hardened, improved il.nmir >t.t 
biliiy, 27b 

hardness, and < mnpo-ition. 2‘*7 
in free-flowing powd< i.s, 271 
infra-red spc< ttogiaph' . .lutoviu.i 
tion, 2*‘.< 

mira*rcd spot tro?.t op<\ . 2*2 
i-* datum ■ ’ i tun v m i<l> lr<*m. 2‘.'7 
liquoring, use of fish oil-. 523 
literature review, 2?U 
mycological formation. 2b* 
natural, « henui a! mnditu ari’>n, 12 I 
new analysis methods. 27*> 
oi non-ruminants, ■ uiistifu* nts, 302 
*•!* rtni*', a* ti'*u * i ■ hi**;*tph> 11, ■>'.» 
uutoxidation oi. 2-*.> 
s» risiti\ itv t«» oxidation, 2V 
plant. 1 hromatographv <>t >t » r* *i 

powdered. pro»bi> tiori «d, 27* 
r * ’ t.nt studio.*. 2*7 
K< port of I niform M-lle ds < mu 
nut tee, 281 

-■!»•« tiv* hvdr*g* nation, 2 To 
separation at high pr.-ssuro. 271 
stability in chilled doughs, 2*3 
:->UjM*r-gIv< ••rinafed, u -<■ in foods, 1*7 
ultra vioh-t -.pectrn, 2*'' 
vegetable, and animal, industrial 
us.-s, 12b 

il *1 ol« <H iu |lU« r I 1 *' . 12 | 
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{■‘at products, permeability to moist- 
ure, 2711 

l ; utty acids, esters and aldehydes. 

{.SVr under Acids, etc.) 
Fatty-materials, iodine value of, 2«3 
uusaponi liable, isolation and deter- 
mination, 28 1 

Fatigue, and strain hardening of 
metals, 93 

hardening of steed, PI 
in metals, 1 J 1 
recent survey, 1 1 1 
references 1958, 111 
thermal studies, 95 
Fayalite, formation, 7 1 
Feldspar, electrostatic processing, 32 
Fermentation, continuous, brewing, 
inspection bv microbes, 522 
rate control in brewing, 522 
problems, bakery trade, f>*9 
Fermenters, microbial detection, 5 in 
Ferric cliloride. formation in ilmeniU 
processing, 82 
reagent for fatty acids. 2^' ' 
nitrate, in thorium recovery. 77 
oxide, caking inhibitor for .mi- 
nion i uni nitrate. 2'td 
Ferrite, formation of, 7b 
Ferrites. as high-temperature mat 1 ri- 
als. 02 

1 ''erromagiietism, reports mi method-, 

I95.\ i 1 1 

Ferromanganese, formation of, 79 
Ferrous < hroniite. diftusion, 95 
silicate, glass conversion, in sintei 
lllg plot ess. 7-1 

sulphate, formation of sulphur 
dioxide, 15 
in steel rust, 120 
suspensions, 51 

sulphide, formation in /inc proi r» 
nig, mi 

FYrrosilii on, rcdu< tion of dolomite, 
Fertilisers, broadcast applications. 
13b 

bacterial, Russia, and mechanism. 
558, 501, 5 92 

caharcous, for radiostrontium-con- 
taminated soils, 159 
'complex". trrminniogu a! prob- 
lems, 152 
' ompound, -15 1 

ILK. acreage percentage, 152 
effects on trace element supplies, 
lull 

for gardens, 1FS.A. survey, -In I 
(or turf, of l IF condensates, ^^7 
gran u lar pi »t assium met .iphosphate, 
■If. I 


F ertilisers — continued 
liquid, U.K., 455 
national consumption figures, 452 



phosphat.io, production, 19 
phosphor. itri lie compounds, 451 
production, 1959—1990, 449 
requirements, estimation method, 
155 

soil sampling and testing, 4-54 
Report and Statistics, 1 959, F.M.A . , 
15(1 

usage, U.K., 1958 — 19G0, 453 
Fertiliser granulation, drying systems 
and fume prevention, 450 
‘Hying Saucer* process, 450, 451 
Nl\, without phosphate, 450 
technology, 450 

Fertiliser industry, weighing equip- 
ment symposium, 450 
Fertiliser plant, corrosion, 128 
Fertilisation, for forestry, 455 
l ; iber-14, development work, 345 
Films, absorption of gums, 313 
biological, corpuscular structure, 

bonding and attraction in hard- 
wood, 333 
elastic, 305 

hydrodynamic volume, 341 
metallic, filtration methods, 573 
networks, electrical conduction , 35 1 
tensile strength, 34 (i 
F ibre fabrics, bonded, 393 
Fibre beds, Mater flow in, 349 
Fibre bonding, in papermaking, 349 
Fibroin, amino-acid structure, 351 
molecular weight. 302 
synthesis study, 358 
F'ibrolaiie, production of, 358 
Fibrolane XL, production of, 358 
Filuotoin, papermaking equipment. 

Films, adhesion on glass, 426 
i ivdings of clay-starch, 332 
colour method of staining, 181 
I nr storing fruit and vegetables, 503 
inorganic polymers, thermoplas- 
lii it y, 399 

liquid, gas diffusion in, 589 
nitrocellulose, effect of beating, 432 
< >u heated surfaces, corrosion, 131 
plastic, in heat exchangers, 579 
thin, adhesion of, 131 

structure and properties, 132 
testing of corrosion, 131 
Filter, bag. Holmes- Hetroflux, for 
gases, 578 
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Filter papers, Dyuel for, 31 5 
Filtration, centrifugal, in beds of 
spheres, 578 
constant rate, 578 
membrane, water-polluting micro- 
organisms, 541*. 550 
polyamide of beer, 524 
Fire -lighting, foams for, 588 
Fire-lighters, I' F resin. 387 
Fire-resistance, dievandiamide for, 
385 

polymers for. 410 

Fireclay, reaction with magnesia, ii-l 
First-aid boxes, factory regulations. 
1350. 581 

Fish, chemical composition, changes 
during ice storage, 508 
chemical composition, review, oil's 
cold storage, deterioration, muscle 
cells and homogenisation 
method. 500 

determination of deteriorative 
changes in muscle. 5<ib 
dog-, alkoxvdiglvcerides of liver 
oil, 4 2bti 

dried, browning of. 511 

moisture recovery factors, 51 1 
treatment prior to drying. 51 1 
drying of muscle cells, toughness- 
potassium relationships, 511 
fatty, pre-canning cold storage, 51*2 
freezing, and cold storage, 508 
before and after post mortem, 
olio 

fresh, quality assessment tests, 508 
freshness estimation lur canning, 
51*2 

use of volatile reducing sub- 
stances, 51 ‘2 

globe, tetrxlotoxin, paralysing poi- 
son from, 222 

minced, dried in warm air, 5 1 ] 
quality, handling and stowage, 5n7 
salting of, bacteriology, 5ub 
bibliography, 50b 
spoilage index, 5ub 
smoke -curing mctho<is and equip- 
ment, 51 o 

Fish tanning, bacteriology/of, 511 
1055 *,o review, 51 1 

uses of tetrai yr lines, 51 1 
Fish ensilages, presentation of, 51*2 
Fish liour, Africa, for foods, 4 >5 
Fish marinades, acetic acid content 
of, 510 

Fish meal, for human consumption, 
513 

fresh, preservatives, 512 

oil oxidation in bulk stocks, 513 


Fish muscle, determination of salt 
concentrations, 510 
Fish oils, as ruminant diet, 3(>2 
fat liquoring, 325 
fatty acids from, 73 
in alkyd resin industry, 424 
skate-liver and shark, 21M> 
viscera, yellow tail fish, 2bti 
Fish poisons, paralysing properties, 

Fish preservation, in ice from sea- or 
fresh-water, 508 
use of additives, 508 
ust* of refrigerated brine, 508 
Fish protein, solubility and other 
properties, 5l)b 

Flagyl (Sec 1 - - 1 lydroxyethyl - 2 - 
methy 1-5-nitroimidazole), 2 1 4 
Maine -proofing, with inorganic poI\ - 
mers, 3b5 

Flames, photography, 5b 
I-'lavobactcrium, soil, pectolvtic, 5b7 
FlaxlkKirtl. resin-bonded, for furni- 
ture making, 385 

Flotation, adsorption on mineral 
surfat es, 72 

froth, and centrifugation methods, 
573 

of iron ore. sb 
of minerals, 73 
processes, for metals, 71 
gas bubble formation, 72 
self? tivitv factors, 8b 
Flour, air elassiti* at ion, 1>7 

displacement of proteins and 1! 

\ itamins, 4*7 

amino-acid balam e and distribu- 
tion in proteins, |<* 
barley, for star* h production, 4 s * 
bis« uit. enzvme treatment, f*ii 
bulk handling. 4*7 
damaged star* h in, l*b 
fish, for humans, 513 
nutritional aspe» ts and additives, 
IM, -1*5 

radiation treatment, I**; 

Report, Fond Standards Ote* . , 1"f 
strontium-bo « oiitent. 4*3 
wheat, role of pentosan, f*b 
wh.-at tvjxs, air < l, CsslMetl. 4*7 
I low, adjustment bv automate 
s< ruoIxT. 37* 

i om urrent. in absorption units, 571 
fluid, expel mients, 37b 

frai tinn i.u t* >r correlations, 3sn 
fundamentals, 575 
in smooth conduit, 580 
gas -liquid, analysis, 57b 
rate, m piping, study, 57b 
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How, rate — continued 
of pumps, 57(3 

pattern, of torque pump, 580 
reactors, mixing processes, 573 
^'lowering, control by photoperiod- 
ism, mechanism, 464 
of fruits anti annual species, *1(35 
Flowmctcring, and new devices, 575 
Flowmeters, Pottermeter, 580 
Fluids, mixing in packed beds, 570 
Newtonian, equations of motion. 
570 

Fluidisation, 81* 

Fluidised beds, lor metal production, 
m‘j 

for Nu-iion reduction process, 50 
for zinc ore roasting, 75 
heat transfer studies, 573 
roasting of sulphide ores, 73 
thcrmodryiug, 37 k 
F lukes, liver, hexarhlororthanr rnn* 
trol of, 3! 13 
treatments, 178 

l lumidin, control of influenza A, 211 
Fluoborates, complex metal. cata- 
lysts. 1 17 

Fhiorapatite, graphs, phosphate ac- 
tivity in solution, M3 
I’luorenes, oxidation with selenium 
dioxide, 130 

Fluorenequinones, coloured com- 
pounds, 171 I 

Fluorescence, analytical methods, for 
milk protein, 153 
for trace elements. 8 
in ultra-violet light. 3(3 
of aromatic compounds, 155 
of surface colours, 135 
study, of optical bleaches, l.«5 
ultra-violet (or beryllium detec- 
tion. 6 

Fluorescent brightening compounds, 
1535 sales of. 13d 

Fluorescent indicators, for wax sapon- 
ification values, 2*4 
Fluorescent oxadiazolrs, optical 
bright cncrs, 325 

Fluoride, coating on magnesium, mi 
effect on transmittance of silicate 
glass, (30 

separation by pyrohydrolysis tech- 
niques, 56 

Fluoride ions, in chromium deposi- 
tion, 8 1 

Fluoride salts, production, new 
method, 31 , , 

Vluorimctry. of textile whiteness, I » 
Fluorine, analysis in glass. ;5> ^ 

corrosion ill chemical plant, 1 - < 


F luorine — continued 
cryogenic oxidant for rockets, J38 
determination in clinker, 38 
for rocket fuels, 10 
liquid, handling in bulk, 193 
transportation tank for, 10 
mixtures with ozone, propellant 
fuel, 199 
production, 28 
recovery, 28 
removal from ceria, 78 
technology, 28 

Fluorine compounds, production, 28 
Fluorine fluorosulphate, 28 
Fluoroacrvlate, for water and oil- 
proofing fabrics, 392 
Fluorocarbons, 141 
formation in aluminium reduction 
cells, 90 

Fluorochlorobcnzenes, animation by 
metal amides, 145 

9*- Fluoro- 1 Got -hydroxy -hydrocortis- 
one, synthesis, 255 
9* - Fluoro - Hi a - methyl prednisolone, 
preparation, 251 

w-Fluoro-oleic acid, toxicity, 291 
p-F'luorophcnol, 155 
9 a - Fluoroprednisolonc, halogenated 
derivatives, 250 

1 7x- F'lnoro-4-pTegnen-21 -ol -3, 11,20- 
trione acetates, synthesis, 255 _ 
2t-Fluoro-steroids, synthesis, 255 
Fluorosulphinic acid, potassium salts, 
32 

Fluorspar, beneficiation, 32 
production in the Pyrenees, 21 
Fluosilicate ions, in chromium depo- 
sition, 84 
F'hiosiUcic acid, 31 

Huothane {See 2-Bromo-2-chloro- 
1,1,1 -trilluoroethane), 233 
Fluphenazine, preparation, tranquill- 
iser, 235 

Fluxes, corrosion, 127 
Foams, bubble size, calculations, 59i> 
drainage rate of, 589 
for fire-fighting, 387, 588 
rigid, C.F., for in situ foaming, 
building materials, 387 
stabilisation with surfactants, 589 
stability, and viscosity, 592 
mathematics, 593 

Foam inhibitors, polyamides, octanol, 
silicones, 593 

Foaming, purification processes, oto 
Foliar analysis (See under Plant 
analysis) . 

Foliar diagnosis, horticulture, 4o »> 
Foliar sprays, horticulture, 462 
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Folic acid, antagonist to toxicity of 
coccidiostat, 479 

coecidiostatic efficacy of pyri- 
methamine, 220 
Foods, antioxidants, 2S0, ‘’90 
cereals, earionie property, 4>9 
contamination by insecticides and 
fungicides, bS3 

dehydrated, autoxidation of fats, 

distribution, and increased life. 4s*'. 
economies, protein-rich or amino- 
acid fortified, 4 So 
frozen, lack of standards, boo 
legislation, and net t! lor integration. 
1*3 

proc-essing. treatment in report , 4*2 
protein, sources of, 4*b 
pure, International Standartls, 1*3 
Report treatment, ls\! 
research, need for integration, 1*3 ! 
slimming', banning of claim-. 1*3 i 
wheat, bul gar, 4*9 
world supplies and nutrition, 
i’ood additives, ami export problem-, 
and responsibilities, 1*3 
BFMIRA list. 1*3 
* arcinogenicity of, b*b 
Report ««f carcinogenic risks, b*7 
toxicity of chernb als added. .'>*'.'5. 
b* I " 

bond adulteration, centenary, I9n 
Fond colours. complex international 
bgi-lation. 1*3 
new carotene colours. 270 

containers, o i poly^f. mi - 

.}o7 

lb-mi emubi- :i>, a tu n of mmp-<- j 
ii’-rit-. on oxidation, 2*7 
Food (Vroup. r*:vis»d tr- atm» nt of 
mat- rial for report, 1*2 
Food Hygn-ne Regulation-, 4*7 
hood industry, corrosion inhibitor-, ! 

toxn it y of creme aU, b*7 
Fo>d standards, international need ; 
for, 4*3 

nutrition and ‘tUpe. ei-am, 4*3 j 
1'o^d rtandards Committe* . report on > 
bread and iSour, 4*1 
l oot and mouth diseas- virus va< - 
rines, Ail, bob 

Forest litters, decomposition. 1 11. bob 
Forestry, fertiliser problems, rescan h 
practice, Ibb 

Formaldehyde, as tannage, 324 
preservation of 5i>fi meal, bi2 
I ormev ol.de -emulsifying * omjiouiid. 
I'll 


INDEX 

Formic acid, anhydrous, extractant 
for soil organic matter, 442 
Formiphen [See d-Pheny I propyl car- 
bamate), 237 

Formol titration, for milk protein, 49b 
2 - Formyl - 1 - methylpyrridinium io - 
dide oxime. effect on suxamethoni 
um and deeamethonium, 22 G 
Forsterite, formation of, G4 
porcelain insulators, 08 
Fourdrinier machine, for ravon spin- 
ning, 3 lb 

Fractionators, super-, new design, 1)78 
Freezing, tolerance of vegetative tis- 
sues. bob 

Fruits, consumer pre-packaging. On:; 
decay forecasting, during refriger 
at I'd storage, bub 
gas-storage in liJms, bU3 
-peril s. l!ov\«-ring effects of purine- 
and pyrimidines, 4 Gb 
tolerance to low temperatures, bo I 
l ruit crops, nmh bdenum deficiencies. 
1*d 

bruit trees, root respiration and lime- 
mdueril chlorosis susi eptibili- 

tv, 403 

rat- criteria for litne -tolerant 
stocks, 404 

bu‘4, combustion, heat transfer, 71 
consumption by blast furnace, 79 
rvogenn . as rocket propellants, 
1 9* 

•*t onoinii s, fertiliser drying, 4 bo 
"i!. mixtures with ammonium 
nitrate, civil explosives, 199 
riM ket propellants, 192 
r« in<>\,al of sulphur dioxide from 

gas, 12 

rocket, ammonium perchlorate. !o 
> ost and availability, 197 
hydrazines and nitrogen tetrox- 
idc. Is 

nitrogen < ompounds, 1* 
mtronium perchlorate, 197 
use of fluorine for, 1 G 
solid, smokeless, b9M 
solid uirlxm, for iron reduction, 79 
-vstem-, oxtdation, projjcllants, 19* 
ultra-einrgv, improved impulse, 
197 

bind elements, n*n lear metallurgy, 
112 

I umaru a* id, production of, 13b 
I nm- s, fertiliser granulation, 4bl) 
Fungal diseases, fruits, decay fore- 
f asting, bob 

1 ungi, decomposition of humie acid, 
: i 
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lutmn I Gallium, abundance in terrestrial 


in rhizospheres, 
in water pipes, 547 
resistance in plants related to 
phenolic content, f>03 
soil, 3I>7 

Fungicides, and mould-proofing, 321 
contaminants in food, 583 
for animal skins, 1130 
Fungistatic substances, soils, against 
F murium, 3b 7 

Fur, carnitting compounds, 301 
Furazolidone, dietarv, ad very t-llc t\ 

479 

veterinary uses, 47(1 
Furfural-acetic add-waler, phase sys- 
tems, 372 

Furfiiryltriniethylanmioniuin iodide, 
m uromuscular activity, 221 
I unlaces, arc-, for zone iftming nf 
metals, 91 
basic, (19 

blast, for lead, 9b 

for sulphide concentrates, 79 
design, heat losses, 33 
• ■lee trie, submerged arc, 7'-* 
experimental models, 33 
tor sulphide ore roasting, *9 
glass, refractories for, (Hi 
-la<statik. How in, 33 
u*<- of refractories for, bn 
!,i 1 «»ratnry t design of, 39 
■>p< n-heai th, oxygen iim\ 79 
t.-. n{>ejali\ e, l«-r 2,(M«( i , 7(‘ 

•lag. as raw material, 41 s 
sti ucttir.*, energy losses, in. .*1 


(1 

* .)!.!• tosvl glv-« rides, fatly adds 
from, 2Ve 

Galanthamme, antagonism of tubo- 
i urarine, 22b 

Galena, sorption of xanthat*-. 72 
treatment of, 7 b 

Galena, concentrates, pressure oxida- 
tion, 7b 

Gail amine, antagonism by vjitImiii 
dioxide, 22b 

hv trtrahydroamii merino, 22b 
« Meet ol diphenhydramine and pro- 
methazine, 22b 

Ik uromuscular etlects, 22 1, 22K 2* > 
G. ili.it, v. propel-, octs'l-. dodecvl*. as 
l< »ul anti* »\idatU v . 2MI 


materials, 10 
anodic processes, 124 
pure, preparation of, 85 
separation from aluminium oxide, 

91 

Gallium nitrides, purification of 
molten metal, 85 

Galvalloy, new, 'metal * in - plastic ’ 
coating, 121 

Galvanic series, practical electro- 
chemistry, 121 

Gamaquil (See 3- Phenyl propyl car- 
bamate), 237 
Ganglion blockage, 224 
Gardens, fertilisation survey, 434 
Garnierite, smelting, 80 
Gas, absorption in foamed columns, 

analysis, in glass, 39 
methods. bill 

bubble generation in. flotation 
processes, 72 

<•< imposition, in aluminium reduc- 
tion. bn 

destructive distillation, 597 
drying by refrigeration, huu 
<t on tunic production and distribu- 
tion, 397 

Hue, corrosion, 129 
industry, inhibitors, 123 
sulphate-reducing bacteria, 53b 
liberation in cathodic protection 
of steel, lib 

low-pressure storage, 000 
mixtures for fruit storage, 5i»3 
sulphur dioxide from, 25 
natural, African resources, bW 
for lime kilns, 45 
pipeline from France to Africa, 
bun 

removal of sulphur dioxide front. 

11 

searches in (it. Britain, 599 
ivniverv of sulphur from sour 
streams, 24 

removal of carbon monoxide and 
carbon dioxide irom, b(M» 
sales statistics. 597 
shaft kiln, analysis of, 47 
wet. French reserves at l/acq. 
tillO 

wetting efficiency, 577 
(ias flow, in glass tanks, o9 
or i lice calibration, 5S0 
patterns, use of water analogues. 

Gas plant, pi-.tection, symposium, 
132 
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Gas scrubber, removal of carbou di- 
oxide, 503 

Gas treatments, for surfaces of 

plastics, 405 

Gases, absorption in liquids, 57 2 
absorption of hydrogen chloride 
from, 15 

action on minerals, 71 
adsorption drying, 57# 
diffusion in alumina, 05 
dust-laden, bag filter for, 57S 
dust separation, 573 
Hue. determination of sulphur 
oxides in. -in 

hydrogen sulphide, production of 
sulphuric acid. 25 
in metals, 1 1 *2 

natural, l.\S. helium source, M 
refinery, for production of water 
gas, 50'.* 

smelter, absorption processes for 
chemicals, Is 
sulphur recovery from. 2 1 
sulphur refining technolog v from. 
2t 

th» Tmodynatnic behaviour. 575 
waste, sulphur recovery from. - 1 
Gasholders, corrosion, 12 V 
Gasification, of < oal by nuckor radia- 
tion, 5 

Gaskets, of inorganic pdvmers. 51*5 
Geiger counter, in potassium ore pro- 
<;■ Ssing, 32 

Gelatin, from hides, ;;2*< 

photographic prnp-rti* >. ITT l^l 
sup.-rcoating *d methyl methacryl- 
ate -methaeryhc acid photo- 
graphic polymer. K» 

Gels, polvnUT, niechannal behaviour, 
il*i 

Gein.-itones, Japanese production of 
cultured pearls, 5 
Grnoandrustane, Hi, 1 1 Vdihalo-, 

G» ntisamide, condensation with p,lv- 
carboxyli* ;v id. I* I 
Gc-<jr hemi- al methods. a* ademic liter- 
ature, * 

Germanin. complexes with tubo- 
curarine, 225 

effect on suxamethonium pain in 
man, 220 

Germanium, abundance in terrestrial 
materials. In 

• orro-don in water, I 20 
pure, preparation. Ml 
sprctTophotometric determination 

in ro« ks, In 

Germanium rectifier-, b-r *l'ctr*i- 

* he mi' al indu-.try, I A 


Gibber all a fujikuroi , Pinus root in- 
fections, 507 

Gibberellic acid, accelerated melting 
using, 5*20 

and nitrogen fixation, 505 
function in malting, 5‘20 
Gibbsite, aluminium ore minerals, ,‘J 
Gipsotermin, heat insulating ma- 
terial, 41 

Glass. abraded, strength and fatigue 
in, 00 

absorption of oxygen and sodium 
in, tUi 

adhesion to, 51* 

adsorption and expansions, In 
alkali, 55 

alkali silicate, density formula, On 
analvtical methods for components. 
55. 50, 51* 

attack oil refractories, 54, 01* 
borosilicate, for ceramics, 57 
formation of twti immiscibl 
liquids in, 51* 

i oiitaim r, surface durability of, ! >0 
'Crown' production process for, . ► 7 
crystallisation limits, 01 
density. 00 
devitrification. 00 
dielectric propTties, 01 
dimensional variation, 5H 
durabililv, 5M 
•dei irii al conduction in. 00 
Fifth International Congress 1 • i.* • 
'Muni*. hi. 5*2 
flow in tank furnaces, 55 
Four* ault, devitrilu ation, 01 
furnaces, refractories for, On 
gre< ii, colour charac ferislii s of. 
On 
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..I Is, *>h:{ 


1, i . iroin msi water. hdi storage. 5n* 
l< e-luivkrts. o| j)(ily>tyrr«i-, |nr. 
Ignition, sell-, o! paper. thermal 
-a ud> , 35i* 

Ignition < ataly>ts, *><i l 

IIiik ojtr. t lilminarion and pic- <-">ing. 

ami purim atioii, sy 
. oiiwr'ioii to titaniinn, 
dotation, a if Ii tall -a! n;el ■ >ji 
etnuKioii. 71* 

prodiit tioii |.»i titanium lit*. 

ul titanium iron:. '*‘2 
v. paratioii <d maimin' -ii'-suh- 
1 nun. •'! 1 

llnnnil- Ole. leltiov.il "I hw!r«.ycll 
Mllplli.h III •]]! g.ls, 

Inilnvtil, ><■ II. Nii-m. ilivh n. i.i.-. 

i, arhaniovl > holme . liroimd" . A 1 a 
1 uiiila/ole l.:»-di. arlx.namid. .nui- 

nlial. I7‘a 

1 inida/< I l-vla< l \ 1. Ii* Im* >■ ; 

. ‘Ill 

I Tiii pin nii n« . (>'*» \ i- 1 >i m- t lr \ I - 

.iriimopiopv! inmixdil.en/-. - : 

I inpatient oil. .t» ids «d. ‘."•o 
| || . «>ITo.-lo|l ■»}. | V«* 

. I i[ [ • IS). .11 l- 4 -si-.l..U. . . 117 . I 1 
t ndaiitliroiie. >\ nth. >iw I 
I nd.i/oh , \rllm\ wit dv< s, I 7 I 
Ind.i/ohum d\. •>, l.'tiP.itioH "h 
Jntlit**ji«l <i\. -11111', . .*n»|Mri'.-ii .-I 
maxima. 

Imtiniu, . i ilillii - 1 1 - ial pl’-'dli* li'-n. ‘-d 

I, id, mil all. a. . «l»!i I- a I ■'i* 
linlnle pr*nlii- ti-'M to ...iMoim, will 

,llll lllv . * 1 - • 

hnloles. halot»« n >nl>dit'.ied. I -1 
lml<. line. •* tinihvl-, pie | m rat mu, N 
i.uitro-, preparation >d. Id I 
Indolims. 'A- vanoi fin leti.-, prenaia 
ti. in, il.l 

l ml».| vlet U v lp\ l ill m. -. di-pi e"-. lit 
a. In it v on ner \ s v. \M, 


■iill 

Influenza, virus, antiviral action 
study, Z\W 

Infra-red, analysis of coal. 507 
radiation, upgrading of rock sail, 

14 

Iridium, addition to alloys, 107 
transcrystalline fractures, vhi 
workability, J<i7 

Irrigation, mineralisation studies, 
443 

sprinkler, foliar absorption of 
sodium and chloride, 4f>G 
Insects, experiments with chemical 
protection, o.x 

Insecticides, contaminants in food, 
ojs‘1 

effect on leather, .T 21 
organo-phosphorus, toxicity, od-l 
systemic, for hides, 

Insulation, for foam milk tanks, 
1P7 

thermal, uses of expanded poly- 
styrenes, 4MI5 

Insulin, purification of, fMl 
b\- jon exchange, ‘200 
Interferon, treatment of virus 

I uteri net a 1 lie compounds, electro- 
chemistry, 1~4 

Iodide dissociation for high-purity 
metals. *4 

Iodine, from hydrogen iodide mix- 
tures, ’ 2 * 

sterilant for water, 511 
Iodine penlalluorido, '2H 
lodim- value, micro-determination. 

4 1 1 fattv materials, v’S:i 
h.dnbeu/oie acid, as nylon stabilisers. 

Iproniazid /-Umicotinyl-‘ 2 -ifH*- 
pn ipvlhvdra/iuc), ‘2 38 
lion, absorption and translocation in 
soya-beans and absorbed chel- 
I ales. bVl 

acid corrosion, 1 -•> 
alkaline corrosion. ICG 
and bacteria. 550 

ami molybdenum relations, tomato 
plants and soils, 4 *u> 
cast, corrosive wear, 1-0 

shear stress strain curve m 
concision bv hydrogen sulphide, 

in chloride sulphuric acid, l -- 1 

pitting. I 2 i> 

corrosion products, l-in 
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Iron — continued 
creep tests on, 97 
determination in clay and bauxite, 

in glass and raw materials, 59 
diffusion in forsterite, t5s 
electrochemical behaviour, l‘M 
tlour additive, 484 
foliar sprays, with urea, uniform 
penetration, 4*53 

inhibition in neutral solution. 195 
impurity in gibbsite minerals. 9 
in magnesite bricks, *50 
metallic, abraded from grinding 
mills, 79 

melting point, effect of pressure on, 
100 

mobilities, foliar sprays, 4*53 
reduction, \ Nil-iron process;. 9 ii 
oxidation, in water vapour, 191 
passivity, 191 
pig, hydrogen content, 79 
pure, preparation, >1 
rraitinn rate with hydrogen sul- 
phide, 115 

removal iroin concentrates, 7*5 
separation of. 7* 

from potash solutions. M 
sponge, by Hvl process, ',•» i 
from in in sands, 7o 
tensile tests at high pressures. loo 
yellowing of leathers, 595 
Iron alloys, with chromium. 191 
with tungsten, shrinkage, loo 
Iron hydroxide, double decompo- 
sition, 53 

oxide, cathodic reduction. 13u 
re. overy fr- - in iron sulphate, 
liquors, 95 

oxides, for >tetl industiy. from 
ferrous sulphate, 15 
resin and fatty a. id . -die. tors, 

•aits, tanning of leather, 591 
silicate, iron diffusion m, *59 
sulphide, corrosion pr<>du< t*. 1 15 
mineral flotation. >9 
fr-.n . heJates. inhibition of 1‘* .nr si- 
mulation bv bn arb'jnate and 
phosphate, l*".5 
t< ■ 1 1 ■ in plant nutrition, lol 
Iron i hlorosis, • aiwt and ir<<n 
* he late**, 4 ‘55 

relation of bi* arlxmat*- to, 109 
in horticultural plants, lob 
I pm films, inra-ur* m*nt of magm-tu 
induction. 1 1 1 
Iron making plant, 7 1 
Iron minerals, flotation, 75 


Iron ore, concentrates, agglomeration 
process, 74 
recover)' of, 73 
flotation processes, 72, 75 
with petroleum sulphonato, 89 
pressure leaching, 70 
production of sulphur from smel- 
ters. 11 
reduction, 90 
in hydrogen, 79 
with iron, 7s 
sintering, 74 

Iron pipes, bitumen, asphalt, anti- 
corrosion coatings, 115 
Iron reactors, for sulphuric arid, 95 
Iron sands, gaseous reduction, 7*5 
Isatin £-tliioscmicarhazone a activity 
against vaccinia virus, 91 1 
Msobnrnvl-5-alkvltctrazolrs, con- 
vulsant stimulants, 959 
9-Isobutyl-l ,2,3. l,»5,7-hexaliydrn- 
9, 1 **-dimetht>xy-9-oxol»enz-(a) - 
quiiiolizmc [Nitoinanj, tranquil- 
liser, 957 

lsobutyric acids, in rumen, 5ol 
lsocarUixazid, [See I - Ik nzv l-9-(5- 
niethyl-3- isoxazolvlcarbonyl ) hyd- 
razine), 93s 

Isocyanates, as polymerisation im- 
provers. 3*54 

Isoindole, reversible colour change, 

l-mindoleninr, dvestutts, 171 
Isoindolenines, polyhalogenated, pig- 
ment formation. 1 74 
isoniuzid, chemotherapy of tubercu- 
losis. 91 1 

1 -lsfinicotiiiyl-9-( l , J-beii/yl» arbatnyl- 
rthvli hydra/ine [Niainid". pharma- 
* nlogv, 93* 

I -onicotinoyl -3,1* diethoxybenzylni 
eni-hydrazonc, treatment of lep- 
rosy, 919 

1 - lsonicotinyl-9 -i><»propylhydra/ini , 
(Marsalid* erntral stimulants. 93* 
[so-oleic acid, spn trographii < !■ t ( r - 
in i nation, 9*2 

Isopn-ne, new Shell pro* »•*>, 159 
polymerisation, with lithium alkvl, 
5i 19 

Isopropyl nitrate, a*. ro< k<-t prop' ll 
ant, 195 

Isothiazole, (1 ,9 1 . svniliesis, 159 
Isothioi yanatr s, polvim rs, 401 
Isovaleric a« ids. in rumen, 309 

Itac one and, copolvmerisatioii with 
viiivlid»'ne < hloride. I*** 
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J 

./ alropha C ureas. acid components, 

Jaundice, in drug studies, 237 
JH 32U, (See .Y-KthyI-3-piperidvl cvc - 
lopentvlphenylglyeollatc), r.i'.t 
J Dolii, (See 2-Pheiiylisopropvlhydra- 
zine), 238 

Joints, corrosion, ].3I 
JD t, propellant fuel, performance of 
IW # 

jugs, insulated, of polystyrene, -{hi; 
Jut**, formation of pulp from, ;{ |k 


K 

Kale, salt for. 13C. 

Kamlolenic a< id, 235 
Kanamyvjn, activity «»f. 21i* 
treatment of ptiimonarv tubenu- 
losts, 211* 

Kaolin, alumina from, >1 
K.uilinitr, crystals, 6.3 
exchange behaviour of, 3b 
impurities in gibl»jt' minerals, 
A'-ray data, 64 

KavNilro, pmdmtion and uses. I, 'mi 
Keratin, amino-arid t "inpcsilinii, .351 
combination of acid with. 
derivative-., ai rvionitrile stabilisa- 
tion. 36 1 

etlet t on gvpMiin, 15 

fibre structure, 36) 

ntechanji a) properties, structure. 

protein strin lure, 353 
solubilisation, 356 
i- Keratin, structure, 36i» 

Keratinous fibres, morphogenesis, 36! 
■t Keratose. hvdro}y>is of. 351 
Keta/inr, i (inversion to hvdra/ine. ill 
Keteiie. route to atrvlate esters. 3bU 
Iv'teiie formaldehyde, a< relates from 
3bh 

3- Keto* esters, lilm -forming proper- 
ties, 427 

x-Ketoglutaric acid, chromatography 
of volatile produi4s, 2>5 
Ketones, production from methanol, 
137 

y-Ketopimelic arid, plasticisers from, 
•132 

12-Ketosteariv acid, oxidation of, 232 
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3-Keto-steroids, halogenated, pre- 
paration, 255 

YM-3-Ketosteroids, preparation, 25a 
Kilns, lime, developments, 45 
economic production, 32 
rotary, for cement manufacture, 36 
linings, corrosion, 46 
Kimberlite, in Sierra Leone and S 
Africa, 4 

Kollermill, for paper pulping, 3.34 
Kreibaum process, for adhesives, 385 
Krypton adsorption methods, 4U» 
Kyanitc, analysis for U.S. Govern- 
ment, 6 

Kynex, (See Sulpluunc thoxvpyrida- 

zjue), 2|h 


L 

Lacquers, adhesion and light fastness, 

130 

aromatic solvents for, 436 
butyl methacrylate, 43] 
dispersion of pigments in, 431 
electrical resistance, -131 
for furniture, 430 
hydrocarbon, testing of, 133 
light-sensitive, containing copolv- 
mers, ImI 

nitrocellulose, analysis, 431 
anti polymers, 431 
solvents for, 1,37 
polycarbonates, -1 IS 
properties, -125* 
silicone, resins for, 418 
stability of, 4 30 

lacquer finishes, resistance to lubri- 
cants. 4.31 

Lactams, polymerisation, 364 

Lactation, nutritional planes for 
cows, bib 

Lactic acid, acrvlates from, 3bU 

Lactobacillus hijidus, faecal indicator, 
water supplies, 545 
isolation media, 513 

Licvulinic ahlehyde. from rubber oxi- 
dation. 312 

Lambs, control of nematodes in 
abomasum and intestine, 478 
damage to nervous tissue and liver 
copper values, 473 
diets, rendering lessdvstrophogenic, 
471 

liver copper related to dietary 
sulphate and molybdenum, 473 
protection against muscular dy- 
strophy. 171 
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Lambs — conti ntu J 
treatments, for nematodes, 177 
unthriitiness, counteraction by 
selenium, -171 

Lanolin and cream, treatment of 
cattle bloat. hob 

Lanthanum, additions, to metals, 10.1 
to molybdenum, l Ob 
reduction of rare earth oxides, >.’* 
traces, in rocks, s 

Lanthanum nitrate and iodine, re- 
agent for polvi -oprenes. Til 7 
l.anthionine. formation fr<>m wool. 

.‘Lit'i 

Lard, addition to dried skim milk. 

hi i.i 

antioxidant. V* { 

as sheep diet, bnl 

autoxidised. fr.n d tMi r>. 

•j'lii 

([.irngr.iphi. study, VV' 
m diet of lambs, hoi 
m svntheti, nvlk. digi stibiliU . 

:tn i 

inten 'tenth at i<»n with « « >« « unit < m 1 . 

oxidised, (.arboitvl distribution. V s 0 
■">!v*-nt fraetionation nl, V71 

Latex, foams, 

retention bv cellulose fibres. hh t 
rubber. Lai t'-rial d« •« • •mj’H-ution. 

.'it's. 

Laurie' a< :d. in fats, -j7 f 
m ml re ruling. V7 1 

- 1 s. ;>r- ipatiol.irmde {••am addi- 

LI- -ration at serf.e ••-, 

I anr ■. ip*, ridiirum h!.>rid'. 

'••paratn ..»■< 

L-oirvl sulphom* a* id. pi.rin> ition. 

f..r. -ci. pob.vt.r fibre, Kuss'an pro 
d'p ti'/ii. .'17 V 

I ,f-:ul, a» id t i>rrosi* I v‘« 

furna- e m\'. gr ri pro., no 
• S'i trolvtu riming, Ik-tts pro* < -s, 

unimrity in /in* op -., 71, 
inhibitors, corro-uon, IVb 
metallic pi^n'e nts, l*M 
privity, IV 1 
pure, preparation, **1 
recovery, SI 

red. oxidising d*da\ '•imposition .. 
Vi ii i 


Lead c on l i mud 

spectrophotometric determination 
in rocks, 111 

yellowing of leathers, bVb 
Lead alloys, with indium, bb 
with silver, anodes for cathodic 
protection, ill! 

Lead azide, decomposition in light, 

Vo7 

• yanamide, pigments, IV I 

preparation, hi 

• »\idr, att.ii k on refra< tories, I 

re>istan« e of basic materials to, 

M 

phosphate "ilicate, i a hilled pig 
meiits for paint, 1 1 > 
phosphate silitate, < alt ined pig 
monts for paint, 11s 
'ill, ate. prop ! tiw gin*', for atonm 
radiation. ,»V 

>il;< m hroinate, pigm,-ut>. I'.’ I 
'tv phnate. dehvdration and d* ter 
ininatioti, Vos 
sulphide. \ i il.Lt i>at ion. 7a 
letra-a elate. as oxidant . V I'.* 
t« tra-ethvl, production, hi 
Lead anodes, preserx atiou with man 
ganese, "I 

Lead (.uni i-ntrates, pelletisation. s'.* 
Lead <>res, /me sulphide Mutation. T 1 .' 

sintering. 7b 

L* a i litt>r, decomposition and tre< 
nuttition. 1 1 1 

Leathers, absorption of water, 7 

boil- proof. ::j:: 

cate- hoi. tormation. UVV 

• iiernistri of. ;;vu 

and tannins. hVV 

i liToine. d- t'-rniinatuai of . » - h in, 
hVi. 

• hr"in< gi table tanning, hV > 

< liromimn oxide tanning, hVh 

< oatmg-. for. CIO 

dveiiig, lr.echaniMn study. h.:tn 
i ».-t t of cattle grub, :ivi 
hni-hed. ettect of sodium bi 
• arlxmat* , :<v;j 

nnishes, resm dispersions, hVb 
Inn -hing of, hhO 
and adhe-ioll, dbV 
perspiration resistam • , hV 1 
pigment tinishe-,. bVb 
pro* rssing from skins, hVI 
produ> turn from raw hide, siln oiu 
free/e pro* rxs, UVl 
silu one treatments. X»i 
strength testing. hV7 

tannage, 

tilting ami anal s sis, hVb, Xli) 
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Leathers-^ ntinual 

treatment with dicyandiamide, 38b 
Ixiatherlxjard, production from leather 
and latex, 32b 

Lecithin, antioxigenio activity for 
methyl linoleate, 287 
eitect on lucerne bloat, 17h 
rgg, fatty acids in, 292 
i n cal f diet, 3U) 
i tie in foods, ‘|h 7 
Let j th ins, in grass, 298 
I .nli rkyn (>*«■ SulphaiiM-tho.w jn rida- 
/inr), V 1 U 

I ,i giimcs, tropical , rhi/o) >i» >h *g v r d. • 

root nodules, bo* 

L< prosy, drug treatme nt, *011. *i I - 
Leptodadyline [fw-hydroxyphciiv 1- 
ethyl)trimethylaminonimn,j ti'-nm- 
musi ular activity, 22V 

i A pl,>dadxlu< tniUhtus, n* •urotmi'-. u- 
lai alkaloids from, ‘VI'' 
fu uUuUui\iii‘' t neuroimii' n l<n alka- 
loids from, 222 

Leptospirosis, in ham>br-. anti- 
b;u terial treatment, VI 
Lt mom vein, antibacterial. VI" 

1.- ukaemia, at nte, Vb»3 
Librium [Src 7-Lhlom V-imtlivi- 
,immo-:.-p!KUy!-:!H-l . l-U-nzdkc'r- 
pine-J-oxide hydro* Idurid*-;, 23, 
l.ejbl, d» * nm jMtsil i<*n « 1 1 lead n/idr. 
•.mi 7 

(l< strm tioii of diazo « mnpimmb. 
lb* 

t till autoxidation. IV" 
tut , "trnsitm, I ,>1 
on olive oil, 2*9 
on rhuosple r* ba< teiia. on** 


Lime — continued 
production, 32 
in cokc-fircd kilns, 3*2 
unhairing of skins, 322 
Lime kilns, shaft gas analysis, 47 
Lime-soda, sinter process, 81 
Limestone, crystalline, fur calcium 
carbide production, 33 
effect on quality of quicklime, 40 
use in furnaces, 79 
Li in unite ores, recovery of iron from, 

i.unnanthec douglasii, identification 
of seed oil, “290 

Linings, rough, for fluid flow studies, 

Linoleie add, autoxidatioil, 287 
conversion to myristic add, 291 
hydroperoxides, 28b 
in butterfat, 303 
in fats, 203 

in fatty acid mixture s, 2*b 
1 in margarine, 270 

in sheep rumen contents, 30<t 
related to cellulose digestion , 3< » i 
Linoh-ic adds, determination, 280, 

in .1 <chpiu.u.> .-yr’mcti seed oils, 20*' 
in grass, 298 

l.iuuleiiic acid, oydisation, 20/ 
determination of, 2*0. 282 
hydrogenation by hydrazine hyd- 
’ rate, 270 
in fats, 203 
in grass, 208 
in linseed oil, 278 
in sheep rumen contents, 3do 
Linseed meal, concentrates, 200 
i Linseed oil, alkyds, grinding of titan- 


on LAI, ' 

Lighting fixtures. ol po)\ m« i •>. > S L 
III ' i( j 

Lights, roof-, ui a. rylu h >! ■ 

l.tgnni, bnov nth* sts.md < mist ituium. j 

i hetnistry. 33b 1 

i wlmir reactions, ool 
< intent, related to p*»p‘ l l m P i 
v| length, 313 

determination m pulps. 3.. I 
u moval, in papeTinakihg. 33 * 

1 igniiis, alkali, condu* tnim un uua- 
tioiis, :j:» i 

Lime, determination in ui.yyn>ib . <»' 
i Irvrlupnu’iit of kilns, 4-« 
hydrat' d, for soil stabilis.it u»n. 48 
hydraulic, artificial. 47 
in nu-tal treatment, / <■ 
milk of, puritn ath'ii. u* w m* du-i. 
32 


mm dioxide, 420 

dii 'imposition by sheep rumen 
contents, 209 „ 

dietary, for animals, 299, 3"V, 3t».i 
n iots in, 428 
for alkyd resins, 42a 
lipid separation, 300 
methyl esters, antioxidants tor, 

treatment of cattle bloat, 301 ^ 

voltulisationk polymerisation, 4- a 
Linseed oil cake, waterproof mg of 


oil, 49 . 

i^ecd vinvl ethers, preparation, 
uemia, treatment, in cows, ‘-93 
>;\sc, hydrolysis of lecithin, u* 


lipids, analysis, 279 

by radioactive reagents, .81 
, hhiroplast, isolation, 298 
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Lipids — continuiJ 

chromatograph v on glass-fibre 
paper, *283 

‘depot fats’, of ruminants, 30*2 
digestibility, ruminant feeds, 3U0. 
301 

fractionation over silicic acid, *270 
in feedingstutfs, *200 
in ruminant nutrition, *207, *2*JS, 304 
nephelometric detection, chroma- 
tography, *2>*2 
of hay and grass, *20S 
separation from natural products. 
*270 

l .ipoxidases, in the olive. *2P0 
oxidation of refined oil, ‘27*2 
Liquids, and gases, absorption hydro- 
dynamics, r>7‘2 

* orrosive, glass pump for. 370 
drainage equations for foams, 3V< ' 
heating methods. 570 
temperature control heated hose. 
57o 

Liquid boundari->. mathematics of 
diitusiou, 577 

Lithium, determination in glass, 3C. 
introduction into polystyrene. lu.‘> 
spec tts ..^graphic determination in 
minerals. P> 

Lithium alky!, polymerisation with 
isoprene, 3i.»0 

aluminium hvdridc, as propellant 
fuel, 100 

butyl, polymers. .|oo 
1 .it ho pone . pi y nv- nt s. 1 1 s 
l.iU’tr.oi j-r.r , *;, effect of anti- 
filarial drugs, *22 n 

Liver, copper-storage effect of ir.o- 
lasM-s, 17‘2 

I'ause of d»-g‘*neratu»n dm- b> 
lie- ro>is, 47 1 

< opp«*r- storage <-tie« t of * al< mm. 
phosphorus, molvixlenum or sul- 
phate, 47‘2 

Liver dukes, iSee I*av io!a hepatic ao 
2 1 5 

Lubricants, db-iPT. for ain raft in- 
dustry, LSI 

organic, foam control in. 505 
Lubri .ating oil-,, corrosion, 1*27 
Lu> erne ash. molybdenum content 
and growth, 171 
Lucerne bloat, 476 
Luminescent materials, *2-(*2'-hydr- 
oxypheny!) benzoxazoh*, |3*i 
Lungworms, cattle, control by di- 
et h vie arbamazine, 47rt 
of sheep, evaluation of cyan;u‘ t- 
hydrazideagain.it, t 7 h 


Lu pul one. relationship with hulu- 
pones. 5*21 

Lycra, new polyurethane elastic 
fibre, 363 

(/ Lysergic acid diethylamide, sup- 
pression of Newcastle disease, *210 
Lysine, food supplementation, 483 
isolation from wool, 354 
Lysozyme, egg white fractionation, 
* 26*2 

isolation on exchange resins, *26 ii 


M 

M w K 14*27, (Ncc Metamuhum. 
suramin salt), *213 

M (.V H 3m*c2.\, autibabe^ial drug, 4 s *i 
Macnunolcc ular substances, hiologn - 
a 1 . separation techniques, *250 
Madribon, >‘ c Sulphadinu thoxijh c 

Magnesia, formation ol spinel, 66 
m c. -no-iit. 37 
r. ,e lion w it It silu a. 6 I 
separation from dolomite. 33 
'int» ring of. »10 

Magnesia, brii ks, for furnaces, 5} 
Magne-ite, < austit , from ilono-sti- 
raw materials. 33 

determination of lime in, 7o 
production from sea-water, 53 
Magn< ;it«- chrome, refra* P»rv ma- 
terials, r.3 

Mayra -.imu, tluoride ■ oatings, LU 
foliar spray forms, horticulture, 162 
mobility in plants and dein i* n< >' 
symptoms, 43'.* 
pressure extrusion, |o| 
production studies, *o 
ri-duc lion, in Ik iron production, 51 
separation from salt pit liquors, 

Magiu -mm-*2*', absorption and distri- 
bution in bean sci-dliligs, 433 
availability ami plant mobility 
studies, .153, -pin 

Magnesium alloys, < oatings on slrel. 

< orrosion of, lid, l‘27 
Magnesium aluminate, dissolution of 
alumina, 63 

ammonium phosphate, production. 
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Magnesium- -coulinued 

chloride, dehydration of salts, 33 
double decomposition, 33 
effect on stainless steel cracking, 
117 

production of hydrochloric acid 
from, 15 

reduction with calunm rarbide, 
sit 

fluoride, pure, 33 

Iialides, organic, and salts, initia- 
tors, 383 

hydroxide, crystallisation, 33 
from brines, 33 

nitrate, concentration process, 3tt 
for ammonia oxidation. In 
in nitrocellulose nitration, I'M 
oxide, crystals, electric -a! proper- 
ties, »)* 

production from brines, 33 
oxychloride, as floor covering addi- 
tive, la 

sulphate, dehydration of salts, 33 
rec overy, 32 

Magnets, permanent, formation f r* *m 
line powders, 93 

Magnetic materials, improvement of. 

til 

magnetism Conference I 1 .* *'.*, I in 
metals and allovs. Symposium 
195*. U<* 

nut h ar-magnetii r« soiiance spet- 
tvostopy, 1 In 
separation of minerals, Til 
Magnetic separator, for minerals. 7.’! 

Magnetism, at a Umndarv surface, 
tneasurciuent. 111 
International t olloquium 19.i- s . Ill 
Magnetite, iliitusion behavimir. 
Magnetite anodes, resistance to 
attack. *1 

Magnetite haematite pellets, c har.u 
t eristics. 90 

Maw, flaked, animal diets. 3“3 
Mat/e meal, concentrates, V”.*'.' 

Mai/e oil. as ruminant diet, ".<'1, 

Malaria, ma^s « liemother.tpy, I » 
new therapeutic for. 219 
vivax. t teat turn! with < hiino< idc. 

‘Ml 

Maleic acid, ;i< . rvl.itcs from. .«*»> 
Maleic a n hydride - methyl Mm I ether, 

photographic < opolynur. I^ s 

Maleic hvdra/.ide, grass inhibitors for 
roadside maintenance, ho 

1 Maleinvl- t'f:i-*hli»io- 1 -methyl - 

pnenyl) -pipera/ine (IIoe< hstN>s>i. 
in sehistos<une infections. 22« 


Malonaldehyde, as tannage, 324 
Malonic dialdehyde, from automa- 
tion of fats, 286 
Mulope trifida, seed oils, 201 
Malts, barley, friability by sclero- 
meter and Brabender tester, 

520 

good analysis enzymes, using 2,4-D 
and gibbcrellin, 520, 527 
Malting, acceleration using gibbered ic 
acid. 520 

control by potassium bromate, 
520 

of barley, fate of anthocyanogens, 
520, 527 

improvements, 519 
steeping index, 520 
Maltose, utilisation in brewing, 523 
Maltotriose, utilisation in brewing, 


Maltoxin, action on frogs, 221 
causing depolarising block in frog, 

Mammals, protection against X-rays, 


Manganese, electrodeposition, 91 
electrolytic, 91 

in lead anode preservation, 81 
in rubber-soluble form, 312 
removal, in water treatment, 127 
soil extractable, and uptake by 
oats, 446 

yellowing of leathers, 325 
Manganese dioxide, 34 

catalvst for toluene nitration, 
144 


precipitation, 34 

phosphate, light stabiliser for poly- 
amides, 39 1 

Manganese ores, concentrates, re- 
covery from slimes, 73 
ferruginous, utilisation, /9 
pressure leaching, 90 
Manometer, for llow study, ;>70 
Mantomide. clinical value, 212 
Manure, farmyard, effects on trace 
element supplies, 456 
Margarine, addition to dried skim 
milk, 305 

crystallisation of, 27b 
from linoleic acid. 270 
gas chromatography of fatty acids, 

incorporating polysaccharide esters, 
276 


modified fats, 273 

production, apparatus for, wo 
Margarine fat, nuclear magnetic reso- 
nance study, 281 
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Marplan (NY* l-lSeiuyl-2-l3-mctlivl-3- 
i sox azo 1 y Icar t iony I ) h y tlraz i lie ) . V 3S 
Marsatid pvc l-is<»Nicotmyl-2-/.>i>- 
pr op yl hydrazine), 23 S 
Mashing plant, brewing process. 322 
Mash-tun, rotary, 322 
Mass transfer, at a sr»1 itl surface, 

in atomised sprays, a 7 7 
in chemical reactions, 377 
in drops. 377 
in fixed beds. 377 
in fluid systems. 37 1 
in nylon strings. 377 
in pneumatic dryer, 37> 
on perforated plates, 377 
stmlv in foanb. 3Ss» 

Mastitis, prevalent types and Mint 
on milk quality. I'.'l, 131 
Materials, iorrosioii review. |:to 
Mayonnaise, minpoMtion «>t fat* in. 

MRT. determination "iff- Mi\.-r 
nitrate. 3 Hi 

Meal, separation of p«tr“l 27o 

shipments, protein control. 27»» 
Meat, distillation of fat. 2 S »> 
Mecamylamine, etiect oi < a --u 
dioxide on activity, 223 
Medicine, researc h priign .‘I" 
Melamine, absorption of i«»r»naid* • 
hyde. H’t 

mrtirn atiori of IT' and 1*1 rc-'. -i 
mg powders, 3 "7 
production of, 3*>3 
from urea, 3M 
A' -.substituted, prejiara?:' r. 
resins, See under Resin- 
M iarsm oxide < >mpl<\ M» I; 

•vtivity agair.st i'rypan- g|:: 
Mellerii See Thioridazine. 23». 
Melting, argon-arc, of vanadium *■.: 
Membranes, microbe nitration and 
re-us#?, 3 Hi 

Menhaden meal, antioxidant-. 
Menhaden oil, bodv, structure •j , »| 
fat liquoring. 323 

Meprobamate, * tinicai a* tmtv **.;7 
♦ rtect on t>d*» urarin* r>»\nn\ 
226 

Mepyramine manat e, suppi* won of 
Newcastle disease, 2 1 3 
MVraklon. polypropylene in.;* -;. 
Mtral\a prae.mx. component-., - ."m, 
Meratran (See 1'ipradrob. 23s 
M'*p aptoU-n/tlii azole (\fH | ; r < ro - 
linking in rubber, 31 1 
M*t< aptoethylgiiamdirn , formation of 
23 * 
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A-Mercaptomctliyl-poly-hexanu thyl- 
ene-adipamide disulpliide, re - 
activity, 337 

Mercuric acetate, reagent for fattv 
acids, 2 so 

oxide, catalyst, US 
Mercury, materials survey, 0 
Mercury compounds, fungicide bu- 
skins. 321 

monochloride. formation. 31 
Mercury cathodes, for manganese 
eleetrodepositioll, PI 
Merinax [Sec 1-Rropurgyk vdohewl 
carbamate i , 233 
Mescaline, clinical eiiecls, 233 
Mesyl (methanesulphoiiyl) chloride. 

mesyl.ition of lattv esters, 2M> 
Metak.iolin, amorphous stria tore. f.3 
Metals, cht •misorptioii, 123 
emie formation, I 1 1 
corrosion, ami oxidation, 132 
t one-ion inhibitoi-, 132* 

» reep, stt i >s-< oiKeiitratioiis. I i i 
deposition, ehx trocheinUlrv , 121 
dry oxidation, 123 
• i tropuli-hing and pickling, 132 
explosive forming, 2"7 

latlglle. 3 in V. 111 inks, 1 1 1 

fatigue hard« mng and soitemnu. 
1 1 1 

ilaim -placed. l<u furnace l»rn k-. 
in. ! 12 

high puritv. proi e*-. , for, > i 
mt* :a» in n v- it t> graphite, t»:; 
irradiation phenomena, PI 
Journal of ),- s- < iiiiinnui, 32 
magnetn data for. 32 
nioiten, corrosion. 123. 127 

noble, creep- testing, pc, 

rnui fi rr<*u-, in:r«'M«*n in < om r< v 

I3*« 

'•\:datn>n tie < ham-til. I2P 
phv-e >, progress, 1 12 
pop. » rv -lallllie Spei |n -ells, Pi, 1 1 
production, ilunhv d beds for, 
properties at high tenipnalun -. 

M2 

pure, -ojmic r< lal pp'die ti*ui. PI 
A’-rav examination, .i>2 
n-a- m» , 1 1 2 
refining pro- *s>o, 7 1 
re fra* torv, (Met on niobium, 1 13 
grain M/e, pp 

in i<h kds anil aircraft, H»2 
oxide, of, M2 

re< eat work mi properties, 32 
stresses and fatigue in, Ml 
study of materials, t*2 
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Metals-- uwlmutti 
systems, transition phases, 112 
t ransition, interstitial di If n.sion, I 13 
/one re* lining in arc furna^:, 31 
Metal halide, improved generator. 31 
organic compounds, I II 
salt?!, with amine ^ organic a< ids, 
initiators, 3s:t 

polymerisation catalysts, 33| 
sulphides, elec trim nii< ro<mpv, in 
U oejl , dad 

iit:niat< >. in? oluble in water, 31 
Metal industry, in <d. Britain, de- 
e -line, h 

Metal prope-Jlors, reliux divider. 

Metal whisker*. handling, 131 
Me tallurgy, explosive* forming, 1 1 1 
Me taniidnnn, suramin salt, (M «v IJ 
1 1 *J 7 1 , treatment of h\ paiiosotnia- 
>is, 2 1 .! 

M. ■tatnrdiiim lib'iidr, luxiiity .md 
ie»niro|'d fry puno-vum . !>•» 
t r* .it in< nt of trypaiiosoniiasis. 213 
M.-tha. ryhuuide . polymers (or photo- 
graphs 173 

Mrtiiae r\ la»cs. m» t h\ i and 1 mix 1 . 
rlfet t (d esters oil polymerisation 
i.lte. d"l 

iifermin.-rs. t<>r Miter polyester 
n sins. 3>l 

pui\ me!--.. hvelroU'is mndilii atn.n, 
tiliista s. 

stiTt nregul.tr. 3*3 

poKmeiis.itit.n in -vntli< ti< i nld*< r. 


Mi thru t\ ll* ,ie ill . 1.1 ri V 1 
photoyMphi* iopoK 
M.-iIm* rvlie i opoh iii' r 
■ < ijllpe rsttiotl 3 S 3 
Methaimne idia/i|>«»Mde 
■umetlu l.miino-d- phi 
U n/du/cpiur 1 
i blonde : , 237 
Methane-, . mne-Mnn 
Mv\ pnu ■ I .‘hi 
from » oil', el i< •I' 1 s 


v.v tin 
mer, l 
v th. r 

' iNee 

nvl - 
o\ id 


M Id- 
m - i 

• hVei 


g.is, . i33 

importation < ost*. 
prefdue Ill'll, from n'.ll 1" Uin t« .O 
radiation. 333 

M- thdila/ine-. preparation, ir.iiiqmll- 
ise-r, n;il'( 

Methionine, food supplementation, 

is:, 

trai ing. in wmd. 

Me-tliol>e'.\ital. {»/• Ur- Mlai>. 

M< thoniutti i oiiipmmls. ‘M2 


Metho promazine (Mupazine) pharma- 
cology, 23U 

< i -Methoxy-8- (4 -aminopenty lamina) - 
quinoline, (Quinocide), treatment 
of malaria, 214 

1 - Mctlioxycarbony! - 4 '(2 - hydroxy - 
ethoxy Jehalcone, styrene - maleic 
anhydride, light-sensitive, poly- 
mers, for photography, 180 

2 - Methoxyethanoi -trichloroethylene' 

degreasing mixture for metals, 
\?,v> 


Methoxylluorane, anaesthetics, 233 
2 - .Mr ithoxy - y - ni trobe nzenediazoni u in 
sulphate preparation, Mb 
Mrthoxyphunul, o and p, effect on 
test films, 432 

Methyl acetate, separation from 
methanol, 43b 

MethvJ acrvlate, formation of pla-sti- 
e isers, Mi 

1 - Metlivlli'-nx.ovl-ll -acid, formation 

of, 102 

2 • Methvl -3-/>-l>romophenyl- 1 -(3H)- 

quinascolone hydrochloride (BI)Il 
lssii| i anticonvulsant activity, 234 
2 . Melhy 1 -2- $ - butylpropanc - 1 ,3 -diol 
dicarbamate hypnotic, 23b 
2-Methvlbutyrii: acid, in rumen, 302 
Methykelluiose, filtration of pigment 
suspensions, hit* 

• ia-Methylcortisone, preparation, 210 
Methvlencbisacryl amide, photo- 
graphic polymer, 187 
Me thyleiic blue, in hydrogen sulphide 
oxidation, 12 

I 1 e u co, acylation of, 174 

j Methvlenc chloride, solvents for poly - 
i tlivlene terephthalato film bases, 
178 

Methyl esters. <d fatlv acids, solu- 
bility. 2‘»7 

thermal oxidation, 2*3 
Mi thvl etlivl ketone, plasticisers, lllo 
2 - Methyl - 3 - ethylpropane -1,2- diol . 
new solvents, 434 

l-f > - M eth y Igliu uronoxy lan , structure, 
in pine pulp. 343 

Methvlhvdrazincs, fuels for rockets. 


1 33 


svii- 


jsi'Methylhydrocortisoiic? 
irsis. 23b 

- Methylhydrocortisone acetate, 

rn thesis. 2 :>.> . . 

hvl isobutyl ketone, plasticise r, 

..Kent for lacquers. 430 

hyl isopentvl ketone, commercial 

reduction, I3» 
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Methvl linokatc, autoxidation, 280, 
■287. 289 

eo-autoxidation with dimethyl- 
butadienr, '289 

Methyl linoleate hydroperoxide, di- 
mers, 285 

Methyl methacrylate, chromatogra- 
phy of impurities, 383 
copolymers, and properties, 409 
with styrene. 380 

-methacrylie acid photographic co- 
polymer, 181 

monomer, cheap synthesis, 379 
polymerisation study, 379 
sheet, cross-linked and fabricated 
at shaping temperature, 380 
I • Methylnaphthalrne, isomerisation 
of, l-|,s 

Methvl octadecadienoates, ri strati < 
isomerism, 28*2 

Methyl oleate. antiox vgenic activity, 
*287 

hydrogenation. *27*2 
ogono lysis. 297 

Methyl oleate hydrope r< >xidcs . dim* r-. 

l-Methyl-2-pentamd. foam inhibitors. 
7)90 

Methylolmelamme methyl ether, an- 
alysis and testing. 3 \m> 
Methvlpentvnvl carlmmate, liypnoti< , 
23» 

Methyl phenidate. synthesis. 23* 

>.i • i‘ - Methylphc-nylethylamine, am- 
ides, stimulants. 239 
Methvl plienvl - *• pipe rid via* t- tat • 
f Kttalin j clinical value, 23* 

1 -'3- 1-Methyl- 1 -piperazinyhpropyib 

3,3 - diphenyl pyrrolidine - 2.3 - dn *n <• 
n* ■urnmusf '.ular blew king a< tivilv, 

1 - Methyl-steroids, 27>0 
x-MethvNtyrene, <.opolym«-rs, f'»l 

with methyl methacrylate, 3*n 
polymerisation improver, |M2 
-Methylstyrene, high malting pr*-- 
paration, 402 
production of, 102 

2- Methvl-3-'>-tnlvl- t-dfHi-quiiuuo- 
lone iTuazob j new hvpnoti* , 231. 
235 

.V- Methyl-2, 4. 0-trinitraniline, nitra- 
tion to tctryl. 2<8) 

Methyl vinyl ketone, plasticisers for- 
mation, 294 

2 - Methyl - •"> - vinylpyridine. copoly- 
mers, binders, 2or> 

Metronidazole, treatment of tri«ho- 
monal vaginitis, 21 t 


Mica, Canadian deposits, 10 
.V-ray data, f*4 

synthetic, ceramic for 73il°c, *VS 
Mice, testing for tumours, 381* 
Microbial counts, water pollution, 33u 
groups, telluric, insoluble phos- 
phates. 300 

Microbiology, of soil, 330 
of steel corrosion. 1 13 
of water and sewage. Mo 
Micro-organisms (.See (//<■* Soil micro- 
organisms) 

alimentary tra<t. cobalt stimu- 
lated, 171 

cell-free extr.uts, nitrogen fixation, 

cellulose-decomposing. 300 
i or rosin n bv, 1 13, 128 
effect oil esteritied fatty at ids, 3tin 
experiments with < hemi< ,il p»r< ■ - 
tection. 23s 

infection « >1 enimmiiuis ferment, l- 
tion processes. .322 
intestinal, in* reaped bv i opper miI- 
phate. 173 

nitrogen-fixing, 33«;, 3r.’[ 

1 'ivtirrcnrc in water in al-ohohc 
atmosphere. 317 
rt-mo\al from milk. 199 
r* «juiren>cni> and ]*r<<du« tion < > f 
vitamin I»I2, h»l 

Mu rti't npv, elei tn»n. of i orro>h>n, 131 
of fatigue m« tal sub >trin tur* . 

of Him- t Minds. 3 fo 
«>i steel strie tur- . 1 17 
of tungsten. I"1 

ihi'Tosi .-Hi e. < tints for nu< r<» 
organisms, 33n, 30s 
of polymer expansion. 1 |m 
steri< e|e. troll, of Wood llbri s, 3fU 
Milk, analvsi.s, adulteration te>t>. 192 
free/jng point tisi. legal proof. 
192 

and milk pr<»du'ts, I \n Code of 
!’rm< iples. t*:t 
st < Tillsi’d spei tal, 3 m l 
I >a« t< re-logi- al quulitv and te-tliiL. 
197 

< olh-. turn and handling, bulk 
llletho<ls, l'**i 

ba» tenologn al dangers, 197 
e« oiioriiu aspe, t>, 197 
<o<ding in farm bulk tank, Inat- 
pump in, 497 

dried skim, addition of fat to. 3n .» 
(favour i ontrof. 199 
Joint finality font ml < tier es- 
lemli d duties, 193 
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Milk — continued 

legal definition and suggested 
offences, 492 

mastitis, and indication test, 494 
production, antibiotic: stimulant, 
470 

fat*corre< ted, nutritional plane, 
408 

nutrition during rearing, 400 
nutrition for alveolar cell de- 
velopment, 400 

solids-nut-fat lontent. improvi- 
ment, 4 On 

sterilisation, in-bottle, plant, 499 
methods and equipment, 49*. 
499, 591 

sterilised aseptic tilling and de- 
liveries, Oon 
llavour defi*< ts, 599 
laboratory control methods, 5< i 1 
packaging in boi ties and cartons, 

oil! I 

survival of bat tci ia, ;»!**> 
use of nisiu, 5oo 

substitutes, early weaning of < alws, 

47n 

Milk composition, an.dvsr*. lirng- 
ti-rm and bulk, 193 
and puritv. t \ K , 499 
t ook Ctt« c- , recoinim-ndatioiis. 4r*9 
, orrelattou and genetic factors, 
494 

i t»ts for higher SN !'. 199 
countries other than Britain, 493 
elic-i ts of mastitis. 491 
fat and solids not fat, 490 

suggested standardisation. 492 
t<‘s»t s 4 d producri* quality, 493 
variations related to breed. 499 
feeding and management. I '44 
cjualitv pavments. 4>9, 495, 494 
situ v Wenioc k rttee.. mil 

Milk fat. content, standardisation and 

home igenisattoti. 192 
digestion of, by animals, .‘ltd 
of ruminants, composition. 302 
Milk glycerides. fatty acids of. 303 
related to <li*-tary fat, 4* lit 
Milk protein, dete rmination method* 
for milk. 195 

elici ts of ma'ditis. 491. 49 1 
estimation for quality payment 
4 'al 

nutritional value, 4*44 
Mills, ball, and grinding. 579 
comminution in, 579 
< utter, size reduction in. .o9 
Koller-. for pape r-pulping. 444 
vibration, performance of, a<'.' 


Milling, ball, decomposition of pulp, 
rip.i 

of cellulose fibres, 340 
Mixing devices, design of, 579 
Mimosa, tannins, 323 
Minerals, chemistry in the mining 
industry, 3 
crystal structure, 71 
determination in, of germanium, 10 
of lithium, 10 

dielectric, surface conductivity, 73 
electrical separation methods, 71 
flotation, foam separations, 589 
infra-red spectra, 10 
magnetic separation, 73 
micaceous, extraction of potassium, 
447 

processing by infra-red absorption, 
378 

production in Communist coun- 
tries, 3 

speetrochcmical analysis, 7 
Mineral surfaces, adhesion of bubbles 
to. 72 

adsorption on, 72 
Minefields, clearing, 206 
Mining industry, world review 1960, 3 
Mirabjlite, sodium hydroxide from, 26 
Mirrors, estimation of silver on, 59 
Miscella (vS*e Oilseed} 

Mohair, tryptophan content, 360 
Molasses, in fish ensilages, 513 
supplements preventing liver-cop- 
per storage., 472 
Molecules, shape and size, 409 
Molluscicide, copper pentachbro- 
phenate, 478 

Molten materials, corrosion tests in, 
127 

Molten salts, 35 

Molybdenite, fluidised bed roasting, 


geochemistry oi rhenium in. Hi 
Sardinian deposits, 5 
tin reduction, 91 

Molybdenum, and iron relations in 
tomato plants and soils, 46*2 
and tungsten, 1 12 
anodic processes, 124 
complex with rhenium oxide, grain 
boundaries, 106 

content of lucerne ash for weight 
gains, 474 

deficiencies in fruit crops ,461 
induced, in plum and apple, 

deposition in tungsten electrolysis, 
84 

ductility, 105 
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Molybdenum- — i outnuu-j 
effect on copper retention in sheep, 
172 

for structural purposes, 102 
irradiated, lattice expansion, 1 1*2 
A -ray diffraction study, 1 1*2 
oxidation tests, 113 
potential uses, fi 

pure, lor structural purposes. It hi 
preparation, 8-1 
■■rhodium, phase diagram, 112 
structural defects, electronics. *J2 
Molybdenum alloys, carbide disper- 
sions, 100 

with nickel shrinkage, lOo 
with rhenium, 100 

Molybdenum blue, detection of sili- 
cates, 7 

Molybdenum cathodes, ft »r electro- 
lysis, 83 

Moiybdie oxide, catalyst, 13** 

Monase {See a-Kthyltryptaminei, 23* 
Monazite, electrostatic separation. 73 
S. African production, 

Monazite sands, processing, lo 
Monazite sulphate, recovery of 
thorium uranium. 7s 
Mi»nel, corrosion, lit* 
corrosion-resistance, 1 17 
Monkevs. toll' for vaccine prodm ■ 
tion, .Vi i 

protection against A'- rays, 237 
Mopazine f.SVr Methopromazinej. 23*. 
M.-pU n, polypropylene fibre, 3d*' 

.\f ra:e!la toiii, New For«st dis.-;v™\ 
ls*i* 

Morin, reagent for U-rvls, »; 

Mornidinc (.SVr Idpamazinn, 23 d 
Morpholine disulphide w ith pip**n-lin«- 
disulphide, sulphtirh-ss rubr» r. 
s».orch resistant, 31 1 
vulcanising niliU r, 31'. 

Mortars, testing, 13 
Moths, attack on skins. 321 
Mothproofing, with diMdrin, 333 
Mould spop-s, sod, 3d 7 
Moulding, inje* tion of nrti- l* s. |o«; 
machine developments. 3*7 
of polymer, lid 

Moulding compositions. d« v< lop- 
merits, 3s 7, 3s ( * 

Mouse, cell culture sour. e. 333 
>fud, drilling conditioner. 3,3 1 
Mullite, formation from clay. 0 1 
phase diagram, 04, 0* 
spinel structure, 03 
Mu llite corundum, boundary >y>- 
t'uns, ds 

Murexine, neuronniscular * fle ets, 222 
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Muscle relaxaiits, cumpoiiuds, ‘223, 
221 

factors affecting, 232 
fate, in man, 232 

.^fycobacteriuw tuberculosis, inhibi- 
tion by stoved beech-wood, 21!* 
Mvcorrhiza. 3*»7 

fungal antibiotic, yds 
possible nitrogen fixation, 3. >7 
Mycorrhizal inoculation, f*07 
Mvcloma proteins, fractionation of, 
2**3 

Myoplegie substances, plmrmaeologv. 
232 

Mvosin, elution on cellulose, pro- 
perties. 2**3 

Myrcene. in hop oil, 322 
Myristic aud, < hromalography . 2*o 
Myristie .n ids, in fattv acid miv 
tures, 271* 
m grass. 2i*S 


N 

Nalco dun -I ). 131*3 , retention aid, 337 
Naphtha, ethvhne production imm. 
i n 

Naphthas, preparation of isomeri. 
a- ids. 133 

Naphtha soap, waterproofing of -,mi 

10 

Naphthalene, curing of hides, 321 
molten, separation of -ulphur Ir-u:, 
gas, 2 1 

nitration and t hromatograph\ , 2*o 
oxidation to phthali- aniivdini- 

P< 11« is How study on water, NT* 
priMluition foun petroleum, 137 
I S \. shortage of, 137 
Naphthalene'., produ* tit*n of <l\v 
-tults intermediates. 1 is 
Naplitliai» , in , -2,*odi'-ul}>hiinn a. a! 
preparation, I is 

Naphthalene- 1 . 1,3.s.|. trw< arb.-wlc 
a id, formation of reactive <lv . 
171 

\aphthru|uiiioin- ( . oJidriisatiiui will, 
re-on mol, 130 

Naplithionic and, photometric del* i 
minatioii, 1 1* 

Naphthol AS., identiln ation <*( coup- 
ling comj>onents, 1 Is 
Naphtlu*lsulphotiic acid'-, sej*;n ation 
and identification. 1 Is 
I - Naphthol- |-sulphonic a* id. aiiah o- 
I Is 
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( VNaphthyJanim» . elei t r i>uic strut - 
turo related to carcinogenie 
activity. Mo 
metabolic reactivity, 145 
Naphthyl amines, colour stabilisation 
Mo 

Naphthylaminesulphonamidcs, roup- 
ling to dyestuffs, ift:* 
Naphthylaminesulpbonie acids, st pa 
ration and identification, |-|s 
Nardil (See 2-Phenvlethvlhvdrazine) 
23* 

NBK {Sec Kubber, vinv) evanide 
butadiene), 31ft 
Neats loot oil, 29ft 

Necrosis, liver, deli*. ies rail-ini' 
degeneration, 171 
in rats, prevention by dried 
I n'e AVer's Veast, I To 
Nekoite. in silit ate bonding material- 
•17 

Nematodes, mntrol in lambs i . v 
Dmivii |n3, 17.S 

infesting lambs, treatments. 177 
water. and chlorination eitnjen- v, 
Ml 

SnH.ifti'pirKhh 'tlui-iit- , In muni < -on- 
trol, 2 1 • > 

Neomy« in, ‘>32 

Neninvt in sulphate, tubm urariue 
a* tivitv. relation to apnoea. 22 I 
Wupent yktllvlburbituiii arid, phar- 
IIIIK o]< igy. 23 1 

\n 'pretie, prutei tion of metal Mir- 
iams. 100 

fd steel surfaces, 95 

Neostigmine, action on nnis« le ddl. 
•>•>; t 

idle) t of sodium I. lltvitixille oil. 

Nepheline syenite. bauxite source, 
Ner\e < \i iiatioit. svnaptii t ran -mis- 
sion , 232 

Nerve impulse, nature of. 252 
Nervous system, rhemha! * om 
pounds, 232 

svnaptir transmission, pharma- 
cology. 232 

Neurohnmoural transmission. sym- 
posium { 1 953 1 . 232 
Neuromnsi ular blocking a to nls. 22b 
232 

biological studies, 22 <> 
Neuromuscular compounds. phnrmu- 
i olng\ in man. 232 
Cltcrfs, measurement of, 232 
] ii lit tion, pharmacology, 232 
transmission, drug evaluation. 232 
Xfurnspohi i -umponents, 29ft 
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N< cental, (St, N c< »pe n tv 1 al I \- Ibnrbitu - 
ric acid), 234 

Newcastle disease, chemical control 
of, 219 

New Forest disease, -180 
\i;. lainide (1-isoNico tiny 1-2- {^-benzvl 
carbamylethyl) hydrazine), 238 
Niamid (See 1 - isoX i cot inyl-2- ( p- benz- 
vlcarbamylethyl)hydrazinfi), 238 
Nicarbazin, activity against Eimerja 
tenclla infection, 479 
comparative anticoccidial s, 478 
v eterinary uses, 47ft 
Nickel, catalysts, hydrogenation of 
oils, 275 

oil aluminium silicate, 27ft 
< upper sulphide, flotation process, 

corrosion, 1 19, J25, 128 
corrosion-resistance, 117 
determination in soils, 4-18 
and rocks, 10 

eth'ct on stainless steel cracking, 
1 J 7 

from smelting garnierite, 80 
inclusions, in synthetic diamonds, 4 
passivity, 121 
pure, preparation, 84 
separation from complex ores, 90 
Nickel alloys, corrosion tests, 117 
new, 13b 

use with sulphuric acid, 125 
with chromium, intercrystallinc 
voids. 97 

with molybdenum, shrinkage, 100 
Ni< kel nitrate, 34 
oxide, from Cuban ores, 8b 
Nickel ores, pressure leaching, 7ft 
Nickel plating, fretting corrosion, 

Nu kelous chloride, electrolysis, 1 1 
Nicotinic acid, Ilnur additive, 484 
Nimonic Sb.v, carbide segregation, 

Nimoihc 9b, structure failure, 99 
Niobium, and tantalum, 1 12 
carbide phases, U2 
carbonitrides, 1J2 
effect of refractory metals, 113 
for structural purposes. 102 
future prospects, lb 
hvdrogen in, 113 
in bauxite, traces, 3 
in uranium alloys, 119 
irradiation results, 103 
oxidation corrosion, 127 
oxidation of, and tests. 113 
production and metallurgy, 3 
from pvrochloro, resources, o 
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Niobium — continued 
pure, ductile, mechanical proper- 
ties. 103 
preparation, tvl 

by iodide dissociation, S I 
resistance to oxidation, 122 
self-diffusion. 1 12 
separation, 7$ 

stabilisation of stainless steel, 1 17 
traces, determination in rocks. 10 
transition temperature, 10*2 
Niobium alloys, behaviour, |o;{ 
corrosion. 127 
strength of, 103 

with chromium effect of nitrogen, 
113 

with chromium-silicon and with 
boron-molybdenum, 1 ii 3 
with rhenium and zirconium, 103 
with tantalum. 1 12 
with tantalum and tungsten, 3n 
10° o , composition of, 103 
Niobium chlorides separation from 
tantalum chloride, 31 
pcntachloride, formation of, *2 
in processing of titanium tetra- 
chloride, >2 

Nisalit. liquid rocket propellant, 2"1 
hazards with, lb* 

Nisin, use in milk sterilisation, 3* mi 
N itoman, iSee .l-Isobutvl-1,2,3, 1/..7.- 
hexahydro-b, l O-dimethoxy - 2 - ox* »- 
benz-iat-quinohzinei, 237 
N i tragi n. fertiliser, .V, l 
Nitra mines, formation of explosives, 
200 

Nitra-Shell, pnnluctiun, 45u 
Xitrasol, solid fuel, plant, 205 
Nitric acid, conversion plant u>ing 
own heat, lib 

electrolytic concentration, 3»i 
1,U. plant for, i* 
mixtures with phosphor i< acid, 3ti 
oxidants, 1 2o5 

production, 3o 
and storage, ;j» » 
in Russia, 3*> 
propel lan ti, 2o5 
treatment of leurite ro* k. 32 
waste, puritu ation from hexogen, 
::o 

Nitric esters, production, develop- 
ments, r.»2 

transfer in polythene* tubing, Ib2 
Nitric oxide, cryogenic oxidant for 
rockets, lb* 

Nitrification in soil, 33b. 3»i*i 

soil, effects of low temperatures, 

1 13 


Nitrite, Itsh meal, preservative, 512 
Nitroamines, 207 

Xitroanilines, spectra and hydrogen 
bonding, 152 

Sitrobacter nitrification studies, 55b 
agilis, 51.5, 5t»(> 

Winogradtkyii, nitrite oxidation, 500 
Nitrobenzene, reduction. 111 
Nitrocellulose, hall powder, prnduc- 
tion of, lbO 

caking inhibitor for ammonium 
nitrate, 2»0 
dehydration of, I HI 
determination colorimetrically, 201 
lacquers, 12b. 130 
mixed with polycarbonate, photo- 
graphic uses, I Ml 

on vinyl ester copolymers, photo- 
graphic uses, 1*1 
retarding golatinisation, 201 
Nitrocellulose solution, mechanical 
properties. 1H5 

N it ro -com pounds, redm tiuii by sod- 
ium disulphide, I 1 1 
Nitroethaiiv, solvent for nitrogen 
peroxide. 110 

Nitrofurans. symposium on, for < <n < i- 
dms’S and histomoniasis, 21b 
Nitro1uraz(*ai , treatment of l yvpiinu- 
somu gambit' me infections, 213 
Nitrogen, bacterial growth, 55n 
lx>iling point, electrical resistance 
measurement, 03 
I Itllteilt of tungsten, 101 
i it* tic ieii( v, urea foliar spravs, b'*3 
determination of. 33o 

in til ires, by adsorption. 311 
effect »»n chromium niobium alloys. 
1 13 

estimation in barley, 51b 
nxation, svmbiotK , rule of (obalt. 
b'd 

in chromium alloys, 1 13 
in ro* k> as fixed ammonium, 1 15 
mineralisation studt**s, 113 
produ* tion, various * outlines, 17 
reactions of derivatives, 2b 7 
soil, availability assessment, lie 
jin reased from root nodules. 33* 
without legumes, 557 
losses related to aeration and 
drainage, 113 

status eftri is of black polythene 
film inulrh, 1 13 
total, in hides, 32*’» 
transformations by soil organism'', 
33* i 

uptake from atmosphere by organ- 
isms, 357 
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Nitrogen — unttiiiiwil i 

world production, 17, 29 
Nitrogen- 13, in nitrogen fixation 
study, V>r>7 
warning, 55b 

Nitrogen compounds, production and 
stocks in Europe, 1 7 
Nitrogen fertilisers, liquid, usage, 455 
low temperatures and nitrification, 
113 

X-losses related to sources, I 43 
effect of added nitrate, 143 
on beet related to EC A content, 465 
production, J* 

tests use of air-dried samples, 143 
Ij.K. production, 449, 450 
Nitrogen silicide, engineering material , 
development, 70 

tetroxide, as rocket fuel oxidjsrr, lx 
oxidant, liquid, for rockets, 19* 
pure, from technical, lit) 
trifluoride, as rocket propellant, lx 
Nitrogen fixation, by A z<.b<nft ;, 563, 
5114 

by legumes, cobalt and copper 
nutrition, 505 

by many organisms, 550, 503 
in legume nodules, 55* 
mechanism, 557 
tracer study, 557 
role of haemoglobin, 55b 
symbiotic, and available N. 505 
Nitroglycerine, detonation sensiti- 
vity, 2<'0 

polarographic determination, 192 
production, developments. 192 
nitric arid for, I* 
retarding gelatinisation. 2i*4 _ 
Xitroguanidine, dense form, 2<b 
Nitrnmethane, as engine fuel booster, 
2<!5 

chemical stabilisation, 2h;> 
fuel, spedhc impulse, 19* 
rocket propellants, ?U5 
thermal decomposition, 295 
Nitroniutn perchlorate, as propellant, 
197 

Nitroparaliin. gels, explosives, 200 
e-Nitrophenetoh’. cbloroalUylation, 

M3 

4-Nitro-<»-phenylcnc<liamm<\ conden- 
sation products. 151 
2-Nitroprnpaiu\ as lacquer solvent, 
430 

combustion kinetics, l*.*s 
2-Nitropyridine Vcarboxylic acid 
oxidation study, 1 51 
Nitrosalicylic acid, formation, 19;» 
g-Nitrosoanilmcs, formation of, 144 


A i /xostiniolUirS euro^aea, coitiiTniotis 
culture, 57/4 
X metabolism, 505 
Nitrothioindigo (5 and 6), synthesis 
and spectra, 173 

Nitrothiophens, on polymers, photo- 
sensitivity, 188 

2-Xitrothiophen:;, formation, 150 
Xitrotoluenc, 155 

o and p, infra-rccl determination, 
155 

explosives, 193 

•1 -Xitroso- 1 -anthrol , bisulphite ad- 
ducts, 149 

A'-Xitrosophenylurea, initiators, 382 
Nitrous oxide, as a food aerosol pro- 
pellant, 19 

sulphuric acid process, 25 
Xodulation, legumes, 558, 565 
and gibberellic acid, 565 
Nodules, bacterial, y-irradiation, 565 
Xonam ethylene-diamine condensate 
with urea, U-rylon, 363 
Xonvl alcohol, sprout suppressant, 
504 

19-Norandrostane, steroids, 256 
Nnrdihydroguai arctic acid, deter- 
mination in pig fat, 284 
red colour reaction, 280 
Nonvlphenol-ethylene oxide, pig- 
ments, t inters, 421 
1 3 2 , 1 7 a, J S-Xorprogesterone, syn- 
thesis, 236 

1*-Norprogcsterones, synthesis, 235 
19-Nortestosterone, derivatives, 251 
Nuclear fuels, elements, 112 
exploding wires for rockets, 197 
relation to corrosion, 118 
Nuclear power plants, materials and 
screening tests, 1 1 7 
water treatment, 126 
1 Nuclear radiation, of coal to methane, 
399 

Nuclear reactors, carbon dioxide 
coolant, 129 

Nuclear technology, corrosion in. 

Nuclei c acid, chromatography. 264 
fractionation on cellulose, 261 
Nucleophilic reagents, reactions, 401 
Nucleotide -peptide complexes, pro- 
tein synthesis, 523 
Xuncital (See 1 -Ethyl-1 -methylpro- 
pyl carbamate), 237 
Nutrition (See also Animal- and Plant- 
nutrition) 

fads and advertisements, -483 
for rearing dairy herds, 60 
in relation to lipids, 267 
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Nutrition- < ontmuai 

Intermit . Congress. Washington. 

is:» 

Nutrition Panel. -ISO 
Syassa zyisalica, cobalt of leaf and 
soil, 44t> 

Nylon, for tyre cords, :>b3 
improver processes, 304 
polymerisation processes for, 3b I 
reactive dyes tor, lbs 
stiffened resins. 3?* 7 
taut strings, mass transfer. 7*77 
water-soluble dyes for, lb*' 

Nylon b, as coating resin, H7>2 
intermediates. 3br» 
production of, 138 
b.b-Nylon, intermediates, 3b7i 
modulus dispersion study, 7 .im 
t»-Nylon, production in Russia ilVr* 

1 argon), 3b3 

Nylons, characterisation by A' ray 
and infra-red technique. 3b7i 
Nylon resins, raw materials. I }1 
Nvlon yams, texturising. 3b 1 


O 

Oats, concentrates, 2 , .<b 

test and chemical extra* mm i.i 
manganese, 110 
Ocimene, in hop « ’ i ! b22 
< >ctadecenote acids, » graph v 

and spectrophotometry. 2 -s 2 
1 1 -(Jcta<ler't*n*>i‘. iv id, fr«>m i 

''.ri.vii s<**'d oil. 2'.*n 
_Y-< ktadrcyl- V- m*“thy!h>xum*-thv)- 
ene-ammonium rtmthvl ^ilphat 
no 

« )-.tanol. as foam inhibitors, b’.*b 
2-< Ictenal, formation in autnxibi e»! 
ammonium Smol.-ap-. 2*'b 
in oils, 28b 

X- 1 - Oc t vl m . •] am i n i • , preparation of, 
Ho 

Oi-opha^i-toin’.tnt rihatum, control 

of, 478 

Oc-stradiol. new synthesis, 27»b 
li*! 10 ) Oestrene compounds, 2bh 
Oestrogens, hvpocholi-sti-remir a* ti 
vity. 232 

Oils, analytical methods, n<*w. 27b 
animal and vegetable, neutralising, 
27 

antioxidants and synergist-, 2*'-' 
autoxidation, in emulsions, 2*b 
conjugated, toinponent fatty a* ids 


INDEX 

Oils — contintu’rf 

deudorisation conditions, 277* 
deodoriser, for, 27 2 
determination of iodine value, 2H3 
of petrol in, 2b8 
of tocopherols in, 288 
edible, autoxidation of, 287> 
autoxidation products, 28b 
oxidised acids in, 287> 
eifect on cattle bloat, 17(» 
ejwi.xiilised. as vinyl plasticisers, I 3ii 
unsaturated, curing of polyesters, 
41 

\ inyl ether polymers from, 4*24 
estimation in sunflower seeds, 27<* 
fatty, component ar.ids, 2b h 

refrartodensi metric behaviour, 
*2 s'.* 

foams, .V.mi 

for gasification, importation «. lists, 
b» hi 

hydrogenation, catalytic, *272 
determination of nnsaturation, 

selective, 27b 

industrial, characteristics of, 2b2 
linseed and soya-bean, ettect of 
■/-radiation on, 12f» 
pri< es in paint industry. f27> 
literature review, 27b 
l«>H%rs ( determination of, 272 
in s«-. d pro* cssing. 2bs 
m;o/< . linseed, suva-hean, tisli, as 
ruminant diet, 3<>2 
marine, prod in tion of, 2b7 
multi- L! r ade, viscosity index im- 
provers. of m- thaervli< j>* < t v- 

ueutral « mitent of crude oil, 12 s 

neutralisation losses, 27a 

nut. proi * s-ing, 271 

oh-: and linoh i' , hydrogenation of, 

oxidation, in tisli meal stocks, 

processing, improvements in, 271 
prodm linn of ammonia from. 17 
recovery of torophcrols from, 27b 
salad. < omjy edition of, 273 

■ rvstallisation of < f.t ton seed oil, 
2 7 b 

< paration. at liigh pressures, 271 
from oleaginous materials, 27b 
se< d. i nnstitm-uts of, 2'H 

of l.itmianthf* dnugtasii. 29b 
stability, refining treatment, 28b 
synthetic on butadiene copoly- 
mers, 4?Xt 

unsaturated, sulphation of, 32 * 
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Oils — coHtnuu'd 

usage statistics for the gas industry 

597 

vegetables, antioxidant phospho- 
lipids, 29f> 
deodorisal ion , *285 
lor coatings, '121 
gas chromatography ol fatty 
acids, 278 

recovery of sitosterol, 275 
saturated acids of, 222 
stabilisation with antioxidants, 
220 

oil additives, expanding production, 

379 

t til rake, separation of, 27»> 
t )il factory, use of acetone, 270 

< >il industry, separation processes. 572 
Oil media, research, 120 

( )il refining, anion ext hangers, 273 
Ijv distillation, 275 
future research, 275 
recent developments, 275 
tocopherol content, 275 

< >il sprues, for banana leaf spot, 505 
Oil-containing substances, separation 

of, 271 

Oilmilling plant, control. 
oilseed, miscella refining, 271 
separation of fatty material, 271 
technology, 270 
world production 207 
( fit idea oil, 42* 

component acids, 996 
Olitnlantiui hi flat - a, components, 296 
i deandomycin, 532 

effect on chicken feed, 333 

< detins, t poxidat ion, 416 

natural and svnthetic sources, 141 
reaction with sulphur, 5)n 
t i del ms, steivospci ilic polymerisa- 
tion, 367 

( i|i rmic acids, mono-, in fats, 223 
ulei, acid, additive for hydrophobic 
cements. 3d 
autoxidation, 2?>9 
dehvdrobromination, 227 
determination spcctropliotnmetric- 

ally, 2S(t 

esterification, 291 
in A'tUptit* 'vriuirt seed oil, 2'JU 
in animal fats, 222 
in fats. 223 
in grass, 22s 
in plasma lipitlst, 303 
hi sheep rumen contents, 300 
related to cellulose digestion. 301 
( de«x hcmicals. recent developments, 
120 


Oleum, production in l.'.K., (2 
Olives, lipase and lipoxida.se, 220 
processing press for, 269 
respiration, ripening and storage 
factors, 505 

Olive oil, BHT antioxidants, 290 
components, 2% 
effect of light on, 289 
estimation of fatty acids, 281 
oxidation stability, 286 
paper chromatography, 283 
rancidity, 289 
refined and unrefined, 2B1 
treatment of cattle bloat, 305 
Olivine, formation of magnesium am- 
monium phosphate from, 30 
Onchocerciasis, treatment of, 213 
Ongokea oil, components, 290 
Curium salts, aliphatic and aryl- 
aliphatic, 222- 

Oranges, sweet, components, 290 
transport at I3°c, 504 
Orange trees, foliar sprays of mag- 
nesium, 402 

seedlings, trace dement supply 
from glass, 57 

Orangite, electrostatic separation, 73 
Ores, complex, separation of ele- 
ments, 90 

Cuban, nickel oxide formation, 80 
determination of thorium in, Id 
lateritic, smelting, 90 
pvritic, pressure leaching of, 70 
recovery of sulphur, 24 
spcetrochcmical analysis, 7 
world mining industry supplies, 3 
Organic matter, extraction irom soil, 
442 

Organic substances, gas chromato- 
graphy, related to structure, 282 
hnmns, 442 

released from plants, and soil sick - 
ness, 4 till 
soil, 441 

Organs, physiological, cultures, 55:> 
Orifice, calibration for gas flow, 380 
Orisul, {See Sulphaphcnezole), 210 
Orthanilic acid, condensation, 162 
Ostertagiaspp., anthelmintic for. 477 
control on cattle, 478 
phenothiazinc against, 477 
Ostertagia istertagi, anthelmintic con- 
trol with Neguvon, 220 
Osmium, addition to alloys, 10/ 
iu \v determination, 10 
(fstnium tetroxide, oxidation cata- 
lyst, 140 t 

Ovalbumin A 1 and A*, egg white 
t me donation, 202 
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Ovomucoid, egg -white fractionation, 
202 

1,3,4-Oxadiuzoles, 2,5 - diaryl-, asvm- 
metric compounds, preparation, 
152 

Oxanamide, {St't 2-Ethyl-3-propyl- 
glvcidamide), 238 
Oxazolidedioncs, sedatives, 238 
Oxazolidincdiones, stimulants, 238 

2- Oxazolines, sedatives. 238 
Oxetanes, anaesthetic activitv. 233 
Oxidants, tor rocket propulsion, IS. 

p.C, IPS, 1PP 

Oxidation, enzvmic, of glucose in soil, 
142 

kinetics, investigation by electron 
microscope, 1 IP 
new ideas, 42s 

of hydrazo compounds to hydrogen 
peroxide, 2P 
of metals, 12P 

Oxidation potentials, phenols, 287 
Oxides, mixed, in cement manufac- 
ture. 38 

3- 1 )xo- 1 b-norsteroids. sviithesis. 235 
Oxygen, ahsurption in glass. tin 

content of tungsten. In l 
eryogenic oxidant for rockets. lb* 
dissolved, mkroanalvsis of, 131 
ill distilled rare earth metals, >5 
in grain l>oundary migration, pr. 
in lead blast furnace. b*i 
liquid, with aluminium, explosives, 
258 

mobility in >i be ate glass, d> 
with ammonia, rocket motors, 
205 

with hydrogen, liquid systems, 
205 

( ) x ytet rat. y cl i n< • , 5 32 

effect on e hi- ken feed, 533 
Oxvthiamine, neuromuscular ette<ts, 
221 

Oxyuriasis, treatment of, 22* * 
Uysters, pH and spoilage, and bac- 
teria test, 308 

pearl, seeding with mussel-shell 
n Uriel, 5 

Oyster shell, road surfacing aggre- 
gates, IP 

Ozone, action on polymers, 401 

catalyst for peracetic w id produc- 
tion, 13*1 

cracking of rubber, 313 
eryogenic oxidant for rockets. Ib8 
mixtures with fluorine, propellant 
fuel, ibb 

oxidation of pyrite to sulphuric 
acid, 25 


P 

P.725 [Sic Perazin), 230 
Packaging, lined crates for celery, 505 
of fruit and vegetables, consumer 
pre-packages, 303 

Packaging materials, food contamina- 
tion, 483 

wrappers for bread, 187 
Packed beds, liuid mixing in. 570 
thermal conductivity correlations, 
370 

Packings, cooling tower, 570 
efficiencies, 57s 
knit mesh, performance of, 37 s 
Paddy soils, iron and Ait of, I IP 
Paints, acrylic resin, for refrigerator 
and car tops, 3S1 
anticorrosive, 123 
bases, dispersion polymers, 370 
durability, 421 
corrosion protection. 122 
emulsion, methai relate copolvnier* 
for wood anil masMtirv. 3*1 
expanding production, 37o 
lead pho'phatt -sih< ate, anti-blister, 
41. > 

methai relate, pulvmers, 3*3 
noii-iiitlammablr stripper for. 437 
o!oor« >inou> pigment dispersion, 

IIP 

on steel , weather resistance, 12 h 
pigments, « nrrosion prevention, I 31 
pigment dispersions, 42<>, 421 
pr*Kiuction. 421 
wash primers, testing. 15! 

Paint indiistrv. linseed oil and soya- 
bean oil pri* rs, 425 
sheila*, in, 1 

Paint Research Station, r> . rnt publi- 
cations, 422 

Painting, of steel surfai es. 121 
tropical, 421 
Palms, fibre data, 332. 

Palm kernels, production <»t . 207 
Palm kernel oil, in annual bu t. 3ii3 
neutralisation, protesting, 271 
Palmitic a» if 1 , in grass, 2b> 
chrornaiographv, 2>n 
Palmitoleir ;u ids, in fat tv arid mix- 
tures, 27b 
in grass, 2b*s 

Palm oil, autoxidited, 2*0 
bbai habihtv. 272 
concentration of t arotr iw in, 275 
solvent fractionation of, 271 
Palladium, addition to alloys, 107 
hydrogenation catalyst. 272 
in ores and « mu nitrates, 10 
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Pallidin {See 2-Sulphani1amido-5- 

inrtnyl pyrimidine), *2lij 
l'aludrinr, in gram hide processing, 

I'antotlienic ;u:id, analogues, anti- 
bacterials, *2pj 

Hied on tubouirarine, in man, 22 1 
I apain, hydrolysis of wool 3*)] 

Paper, additives, 301 
brightness, and fluorescence, mea- 
surement, ]5‘» 
coatings for, 33*2 

conditioning to humidity and tem- 
perature changes, plant, 330 
creep behaviour, 31*2 
dimensional instability, 33S 
electrical properties and tharacter- 
isties, 311 

libre sheets, laboratory prepara- 
tion , 3;»o 
fillers for, 3s* i 
improving properties, 311 
moisture, desorption, 311 
printahilitv of, 333 
printing, from two grasses, 33s 
resins for, 332, 3S|, 3*3, 3s'j 
strength properties, 3-1 1’ 
synthetic, fibres and development < 

3 13, 31* ', 

interrelationship of properties, 

testing, mechanism study, 3H> 
transparent ising, 332 
treatment, dispersion polymers, 37U 
waxed. bread wrappers, ts7 
web. filtration. 33s 
"'et strength, 31 v* 

I aperboard. ettect of moisture « on- 
tent, 313 

wire section water removal, 33s 

statists s, 311 

Paperm.iking, auxiliaries and special- 
ties, 31 1. 3.VJ 

commercial equipment. 33*1 
rail inactive tracers in, 33*1 
tests and apparatus for pulps and 
papers. 33*1. 331. 33? 

Papermaking fibres, activation pro- 
cess, 331 
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Papermaking plant, 337, 343 
conditioner, 333 
Capmaker's felt, literature survey. 

Paraffins, liquid, treatment of cattie 
uioat, 305 

production process, 1 3<i 

^tion^/o 1 iS0pren ° P ol > r mcrisa- 

Paraffin emulsion, with UF resin 
fire-lighters, 3»7 

Paraffin wax emulsion, for cattle 
bloat, 3tJ5 

Parchment, ancient, dating by tan- 
j na g<‘ shrinkage, 327 
Parakeratosis, caused bv dietary cop- 
per, 173 J * 1 

Paralysing poisons, from fish, 2*22 
a- 1 arinaric acid, structure, 2'JO 
Parimrivm annamense, components, 

Parnate, {See trans-2-Phcnylcydo- 
t propylamine hydrochloride), *238 
Paromomycin (Hu mat in), antibiotic 
active against Entamoeba histo- 
lytica, 213 

Passivation, anodic, for steel cor- 
rosion control, 114 
Passivity, symposium on. 1*2-4 
Pastures, spraying with fats and oils, 
bloat prevention, 303 
( top-dressing with copper salts, 473 
Pathogens, survival in water, 540 
Pears, storage and gas mixtures, 503 
Pearls, cultured, Japanese produc- 
tion, 3 

Pectin, adhesives. 38*‘> 

<f- Penicillamine, response of poultry, 

Penicillin. 332 
elteet oil cattle bloat, 470 
synthetic derivatives, and appli- 
cations, *203 

effect on chicken feed, 533 
on turkeys, 534 
response of poultry, 333 
Penicillin G, acid sensitivity, *200 
Penicillin Y, antibacterial' activity, 
200 


bonding in. 3ln 
failure mechanism, 312 
formation. 333 
length, rheology, 33u 
mathematics. 337 
orientation in caustic soda, 33* 1 
surface and tensile strength. 340. 
31 1 

mi s pc n sions.ro iii «• n t r., 1 i on and 
nn asmi-nu nis. 33*1 


Penicillins, synthesis, *203 
Penicillinase, staphylococcal, in peni- 
cillin V, *200 

PcnidUittm sop pi i, formation of fat, 
2 US 

2,1-Pentadienylidenefulvenes, for- 
mation of, 150 

IVntacrythritol, in alkyds, 420 
lYntaorvthritoI acids, gelation theory, 

111 
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lVntaerythritol telranitrate PKTN, 
ex plosives, H*3 

trinitrate, in nitrocellulose pro- 
pellants determination polaro 
graphically, l'J3 

Pentamethy leiie-bis*(-V*muthyl - 
pyrrol id in mm) di- iodide, synthesis 
and properties, 

I Yntamethylenehisstrychninium 
quaternary ammonium derivatives, 
toxicity, *J\!l 

^-/-pentylphciioi, antioxidant, I 
Prntylthiarsaphenyl melamine, treat- 
ment of l rvfanoy*nui zambisnsr ' , 
2 Id 

I Vptitle- nucleotide complexes. pro- 
tein synthesis, 3\!3 
Peptidyl nueleotidates. growth in 

y« ast, 3v!3 

Peptones , col i form media, 3-13 
Peracetic acid, largest ah production. 

I 3d 

Perazin, preparation. tranquilliser. 
23*S 

IVrch. «Mean. oil. fat liquoring, 

:v::> 

Perchlorates. and silicone ruliher 
binders. •Jo;, 
manufacture. vJs 

Perchloric acid, diazotisation in. 1*11 
preparation methods, “„*> 
production by irradiation, y* 

I'n hloroiiuoromono< arlm\\ In acids, 
chromium * omplexes, as tannages. 
:\2o 

I ’’Tehlor;. 1 flu' >ri<b , «. rvogenr "M.|,un 
for rot k-ts. P.**> 
produ* tion of, 2*> 

reaction with alknx a ! v l,it*d 
steroids, y.Yi 

I’- rformic a* id, oxidative solubilisa- 
tion. 3o*5 

P> ri- arp, rob in water-s* nsitn ■* 
barley, 3 1 ' j 

Perinephrb glvce rides, of «.alv» 
composition, 3tri 

Periodic acid, oxidation of glyceridi s, 

Perlargon ■ See f*- Nylon;, 303 
Per !u. , effect on hemihvdrate plas- 
ter s, \2 

P- rmangan.it'-, capacity of < h» nn. al 
pulps, 301 

Permease activity, in sugar utilisation 
in brewing. fi‘*3 

Permit i I (See Muphenazinej, *J3»i 
Peroxides, curing of silu one rnblnrs, 
3id 

tf yelir }, initiator-. 3**:j 


Peroxides - > outnuu\l 

organic, new method of determina- 
tion , ‘JtS I 

production hazards, 3S| 
vulcanisation of rubber, 31M 
Perphenazine, (Trilafon) pharmaco- 
logy. *30 

Per vie iie-3. 4, 9, I U - te tr acar box y lie 
acid, condensation to scarlet pig 
meats, 171 

Pest control, tnxicitv regulations, 3*:; 
Pesticides, eareiiiogcnicity. 3< s 3 
contamination hazards, to food and 
humans, 3>>3 
PHTX, explosives, PJ3 
Petroleum, ihenmals, 1 II 
oxidation to acetic add, Phi 
production of plastics and pharma- 
ceuticals. 14* 
of polvmiTS from, lbs 
Pi txuleum indnstrv. corrosion prob- 
lems, 13* 

Petroleum naphthenic glvudestets, 
plasticisers ior nitro* elhdose. 1,30 
Petroleum products, corrosion, b;e - 
t erial shine, 1»> 

Petroselinie a< id, in fats, 

Phalaris staggers, oral cobalt pellets 
for, -171 

Pk'ilan ■> l’ . i, c obalt pronioi. c[ 

deioxif 1 . mg organism-,. 17 1 
Pl!ariiiaco|f:gv, action telaD-d t*> 
i henii* a! stria lure. 2'S! 

Plienanthi eiic s. m-u synthesis, I l’.* 

\* -Phenanthroin, preparation, ]3u 
1 , P* Pia nanthroliu*-, drier e.italw. 
12' 

PllCIlel/inc ♦ s ‘Vc V- Pin ny let lsy I h ydra- 
Zllle ; , \!3-> 

PiiencthiciUiu >cc ti-ta-l’lu ix-xypio 
]»ionamido.p. nicill, ini« add, pot, is 
slum salt , *n‘.i 

Ph' iiol, production pro* es.se: . various 
soiirr.es, 1-lu, 1 11 
.synthetic, 1 11 

Phenols, absorption spe* ira, I d*» 
antioxidant activity. 2*7, 31* 
and oxidation jKitentiais, 2*7 
nitration of phosphates, I 1 1 
Kk values, ir>3 
stabilisation, 13b 

wood Mil* ike. b.u leri* ides and antt- 
oxi* hints, ."> | o 

Phenoldisulphonir a* - id, reaction with 
nitrocellulose, li>3 

Phenol-formaldehyde resin, vuh ani- 
mg compounds, 313 
Phenolic i oinpounds, * arhoxylalitn 
i 
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Phenolic constituent?;, plants, and 
resistance to lungi, 505 
Phenolics, sales (I960), .'577, 37s 
Phenolphthalein, ellnt on Suxa- 
methonium and decaincthonium 
226 

l’hi-nothiaziiir, anthelmintic ,-tnci- 
encies, )77 

very pure, comparison with | H :ph- j 
rnium hydroxynaphthoate, {77 
I’henothiazines, new compounds, as 
tranquillisers, 233 
preparation of. 237 
Phemixvacetic aud, 2, l-dii hlor-. , 
roadside herbicide, 3»f 
ti - ( a - Pheimxx propinnumidn > pi-niril- 
lanii mid, potassium salt, Pruxi], 
phenethicillin, 209 
9.9'- Phen tlirjl, preparation, (3o 
r- \ 'hen y I - v-7-amino a>. « tati , of V/- 
aininoethoxy-ethanoi, dino-t in- 
<>di<les, properties of, 223 
I'heitylatioii. of polymer-,, |o] 

1 ‘hmyl-azo-p-tolvl snlplnme, initi- 

ators, 3*2 

2 • Pheiiylbenztriazole- I -oxide, new 

derivatives, 138 

IdiL-nvlhoron dichloride. production 
of, 397 

Phenvlboronic at id, polyim-ri>aiioii 
di lie ultics, 397 

!-( I- Phenyh ycloht xylipipcridiin . 
analp'sh f.SVt Si rn i 1 » . 233 

< 2 Pheiiyii v« loprop'x Jiimin*' ii\ d- 
rntliloride (Parnate:. Mimulants. 
23* 

Phenyl dcrixativs. *9 poh iin is. Pd 
I - Phenyl -5,. Vdiethylbarbituri< ai id, 
antii. onvulsant, 23 t 
/ -Phenvli-nc diacetatt >, imi>' !t relax- 
ant s, 223 

V* Phenylethylhv drazine (Nardil; . 

pharmacology, 23* 

Plu nylfluorone, reagent for germani- 
um, l»i 

/>- Phen v 1 eit tdiis facet y lchot 1 nr '• . 

muscle relaxant n, 223 
/'-Phenylciicdiaininc, tormation, 39* 
radiation synthesis <»f Eauth's 
Violet, J 7b 
ti trazotisation, 1 17 
PJn nvlrnrdiamines, st.il ulisatiou « it h 
Milphur, 1th 

^'Phenvleiicdiamims. ant iozonants, 
for rubber, 313 

,Y\Y"-sul>sfituted. in rubber rmn- 
pnunds, 71 1 T! 

P - Phen vleiiediauuiti bis - dia/onium 
ions, behaviour in water. 162 
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^-Phenylenediboronic add, polymer- 
isation difficulties, 397 
’d-Phenylisopropylhydrazine(Cavodil} 
pharmacology, 238 
3- Phenyl propyl carbamate (Gama- 
quil), tranquilliser, 237 
Phospham products, 401 
1 hosphatasc, acid, non-specific, in 
wheat grain, 489 

I ’hosphates, bicarbonate relations, 
iron chlorosis, 4(33 
hydroxy lated esters, for flame re- 
sistant cellulose esters, 433 
of phenols, nitration, 144 
pebble, electrostatic concentration, 
32 

soil, dissolution by enzymes, 3(31 
by micro-organisms, 556, 081.1, 
300 

isi .topically exchangeable, factors 
affecting, 445 

lability related to sodium and 
calcium content, 146 
systems, binary, in glass, 33 
Phosphate rock, formation of mag- 
nesium ammonium phosphate, 30 
processing, 31 

J 'hosphatidrs, effect on oil determina- 
tions, 272 

neutron-activated chromatograph v, 
283 

Phosphinoborines, plastic ceramic 
polymers, 422 
plastic consistency, 390 
polymers, 390 

Phosphite, oxidation by soil organ- 
isms. 367 

Phosphobacterin, fertiliser, 501 
Phosphoiruin, production of phos- 
phorus pentoxidc enriched phos- 
phoric acid. 19 

I ’hospholipids, analysis by chromato- 
graphy, 2*3 

enzymic hydrolysis, 292 
from vegetable oils, antioxidants, 
290 

hydrolysis changes. 300 
in dehydrated foods, 287 
of herbage, 298 

retardation of oxidation in emul- 
sion by. 287 

separation from fatty acids, 278 
Phosphonic di amides, condensates as 
structural materials, 396 
1 ’Imsphoiiitrilamides, formation under 
pressure, 395 

Pliosphouitrilie chloride, inorganic 
polymers, 394 
polvniers, 395, 401 
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Phosphonitrilic compounds, 
ing properties, 431 
review of systems, 401 
Phosphoric acid, and phosphorous 
acid, mixed anhydrides, 26 
Japanese process, 10 
mixtures with nitric acid, 30 
production, 31 

1105° u ). production as ‘Phospho- 
leum’, 10 

Phosphorus, derivatives, 267 
determination in lipids. 2M 
in high explosives, 206 
in polyamides, 364 
removal from pig iron. 70 
soil availability related to organic 
acid content, 4 12 
very pure, production, 10 
volcanic soil, changes under past- 
ure, 446 

Phosphorus organic compounds, an- 
thelmintics, 477 

Phosphorus oxy-acid, esters, as nylon 
stabilisers, 364 

oxynitride, polvmer, po.-sible cera- 
mic. 306 

pc nta fluoride, 2> 
pentoxide, polymeric. 31 
Phusphotungstie acid, dye-tuns cnni- 
pound, 174 

Photographic, dyestuffs, pojymerii 
mordants. i>3 

emulsions, m w polvimr support-. 

1 7o 

-tabili>ation 1 j*.;> 

film, protection with polyene com- 
pounds, l .'>*<> 

material*. * arlH>xvamino-a< id an- 
hydrides, Isg 

new polvester*. as nlm ba-e, 17 > ' 
papers, M.P. restn> lor. 3*3 
printing pro* • >s. with pdvrmrv 
I *6 

*y items, non-isU'-r, poivuv-rs m. 

1 ?v> 

Photography, buUi i.i» ?h.u r\ lau- 
terpolynvr in. I “I 
of flam*-', .V.t 

polvrm-ri for nlm >’{pp»rt-, 177 
spark technique, for fluid *tiid:< 
373 

Photoperiod ism. mechani-m of tiov i ■ 
ing control, -l*i 1 

Photopolymerisation, of monomer*. 

for photography, 167 
Photosensitive powder;, production, 

1M 

Photosensitivitv, of polvm* r materi- 
als, 1*3 


Phototropism, detection in azo- 
compound solutions, 162 
Phthalic acid, in photographic ma- 
terials, 161) 

Phthalic acids, production and oxida- 
tion processes for, 147 
Phthalic anhydride. 1 11 
process technology. 133 
Phthalic anhydride, production meth- 
ods, 137, 141 

3 - Phthalimido- 4 - methylbmzanth- 
rones, violet dyes, 171 
Plithaloevaniues, copper, pigments, 
172 ' 

oxidation resistance, 173 
soluble, 176 
synthesis, 173 

Phthalovlucridones, .V-niethvlalion, 
formation of vat dyes, pigments, 
1 70 

.Y-Phthaloylglutamic acid imide (Dis- 
taval, tontergam hvpiiutic, phur- 
niacnlogv of, 233 
PhxlLinthu % nuuit'tii -puten^i 2*36 
Phyiochroim*. two forms inirr-coii- 
\ « ruble bv light. 4«‘. t 
Pickle a< id, tanning processes, 323 
Picric a» id. detonation sensitivity, 2' in 
Pigs, e fleets of antibiotic s on. 33 1 

of copper sulphate on duodenal 
mil ro-organisins, 473 
feeding lligil copper levels, toxic i- 
ties, 473 

selenium toxi* itv levels, 472 
1 ’i guieiit *>, anti< orroiis e, 42.3 
anthr.upnnoiie-a/oii , 177 
a/.o-, continuous prodm ten. 106, 
light fastness, 16,6 
dispersions. lacquers, 43] 
uniform tinters. 421 
freeze drving, 4 Pa 
green, removal from snvaheun oil. 

in leather finishes. 323 
in protei five paints, 131 
i n< orporation in pol vpropvl • - n ■ 
iibr*-*,. ;;7u 

inoimazo- and di^a/o , 16, o 
mui* I*-, discoloration of Inna. 31 I 
of < al< mm i arl -onate. :::: 
orange, from aniliraquinon* > aim 
hetejo, y< In s, 171 
organn , for cat colour-, IP.' 
organosiln on and organotm, 176, 
parti* size analysis. IP.* 
polyester-soluble, 1 6,3 

polypyrazolon*-, 174 

pre« ipitari-d, in paint m. iking, U' 1 

quinai ridone, preparation, 174 
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Pigments — continued I 

removal from cottonseed meal, 

‘271 

.scarlet, formation from pcrvlene- 
3,4,9, iO-tctracarboxylic acid, 171 
synthesis, 1 70 

zinc sulphide-barium sulphate, 418 
Pilchards, pre-cooking of, 51*2 
S. African, mushiness. 5JJ 
Pilchard oil, in alkyds. 41 k 
segregated, 428 

Pimelic arid, commercial production 
for resins and films, 135 
Pine pulps. Mb 

Pinus, fungal root-infections and 
G ibherclla, 3b7 

Pipamazine, preparation, tranquil- 
liser. *2 3b 

Pipes, water, materials and mil rohial 
growth, 547 

Pipe coatings. microbial growth on, 
[tiVJ 

Pipe lagging, thickness determina- 
tion, 579 

Pipeline, for natural gas, f rame to 
Africa. bUO 

Pi pi -ranine, salt, of Iwvulinir acid 
hvdrazotie of < yanacethydrazide, 
1> 

sulphate, treatment of amoebic 
ilvsentry, 21 ‘2 

veterinary preparations, 17* 
Piperazines, as polyamide cmmtitu 
rlll*. 3b l 

Piperidine disulphide-morpholine di- 
sulphide sulphurless rubbers, 
st inch- resistant, 314 

2 I'iperidylphenylrnelhanol. esters 

s\ nthesis, 23* 

Piping, large-diameter, flow rate. .»,9 
Pipradrol (Meratranb synthesis. 23s 
Plant, ammonium sulphate, rliemir.il 
control, *21* 

A' -ray examination, 382 
ultrasonic and high-frequency. JJ< 
Plants, composition of. interpretation 
bv element emu miration. 
43b 

variation control mechanism, 
45b 

foliar absorption of sodium ami 
ihloride in sprinkler irrigation. 
Ibb 

fruiting, requirements, transport 
and deficiencies of magnesium. 

horticultural, iron chlorosis in, 4bJ* 
mobility of magnesium questioned. 


Plants — continued 
shade, soil mineralisation studies, 
443 

uptake by, of caesium- 137, potas- 
sium relationships, 459 
of strontium-90, calcium rela- 
tionships, 439 

Plant analysis, for total carbon, 448 
foliar, sampling for, 457 
Plant diseases, physiological, of apple, 
506 

Plant growth, cobalt in, 461 
clement concentration-variation 
concepts, 437 

inhibitors in underground pipe 
coatings, 115 

promoters, bacterial fertilisers, 562 
symbiotic conditions, with cobalt 
and without combined nitrogen, 

4b 1 

Plant nutrient, foliar losses by leach- 
ing, 4b 0 

Plant nutrition, foliar diagnosis, 
horticulture, 456 
role of iron chelates, 404 
Plasma, of cows, composition of, 302 
Plasmodium falciparum, Dapsone 
treatment of, 214 
gaUinaceum, treatment with X 1 - 
aryl-N l -amidine ureas, 214 
mahiriae, Dapsone treatment of, 
214 

nV ox, treatment with amodiaquin 
and primaquine, 214 
Plaster of Paris, foams, 44 
solubility and setting property, 45 
testing, 45 

i Master, bonding to concrete, prob- 
lems of, 43 

determination of calcium sulphate 
in, 43 

gypsum, 43, 44, 45 
high-strength, 44, 15 
products, 44, 45 

hemihydrate, containing perlite, 42 
perlite, dimensional changes, 44 
testing, 13 
setting, 43 

Plasterboard, for interior walls, 44 
Plastics, recent research, 377 
[ Plastic films, in heat exchangers, 
579 

Plastic materials, bread wrappers, 
t 487 

overall sales, 377 
study of, 62 

woven, for suction transfer. Jail 
Plasticisers, containing sova-bean 

lecithin, 430 
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Plasticisers — conn mud 

for cellulose acetate ii!m, 17* 
for cellulose esters. 433 
for nitrocellulose, I UN 
formation, vi'34 

from y-keto-pimelic acids. 13\“ 
of sebacie esters, vi‘33 
pimelie esters, 133 
polymers for varnishes. IV t 
I’iates, impact against cylinders, 
behaviour, 1 1 1 

Platinum, addition to alloys li*7 
anodes, for cathodic protection. 1 P> 
as refractory materials. M 
in ores and concentrates. Id 
oxvgon content related tu ductility. 
i(»7 

wetting by sodium disiiirale, N I 
Platinum allovs. properties. 1 Ivi 
Platinum ir.ctuU. ette< t «>n transition 
elements, I "7 
> > \id.e-'. 11.5 

refractory, dm u!U\ , l*»7 
l ’hit: mini h«*xudunrid'\ :bir*rina!sm: 

compound.. V s 

Pi.uynecine, ct.>[nivn>a-.-> v.'tji relax 
ant activity. \!\! l 
PK-star. u-'iviiu r him base. 17b 
Plums. KMorado. ya- -tnraye. :.n:i 
molvbdenurn defu. ieiu ir-, I'd 
Pluronic P-.s .m-t' on t:l>r>*plu'i 
growth. .’-No 
Piutonuim. data. 1 IV 
Piut<*uii:m all- y-i, v ltd aiummmm. 

Plywood, v.eatlier-proof. <>f pin n *'.• 

I’niicning, (.hem;- d ha/anR. !»**! 

! ’ -!ari*at;i -n -.on - v --1- tr-* h- ir.ot: 

IV I 

Pularngraphy. «d 1- ad a/e.dc. v*'7 
of nitrogP. ' -rim, P,'V 
P- -ii< in: s, in si was'*:, and v. at--: -b' 

P -iiution, mta-ureir.ent of ba- 

Polya- ry) ii'iid--. si- * - wSant-. in pup- : 
making, 3NV 

photographic him base. 1 7* • 

Polva-. relates, crystalline, pr»*du- 

tion of, 3 b I 

Polya-' r y! :« a- :d- : . - lariru it:oi . 
Polyalky lent: glycol, solvent for naph- 
thalene-,, I ts 

Polvamides. a-> foam inhibit-';-. N'c* 
for beer i; It rat ion, foil 
new polymerisation t .■* Imiqu* >. t 
nm fear magn* t:- r- •- alarm*- -.turh . 


Polyamides — continued 
organopliosphorus. 3h'.< 
photographic polymers, i iSV, li>7 
sales statistics, 378 
segment elas tonic tors, 3G3 
Polyamide fibres, production and new 
types, 303 
researcli, 3tif» 

Poly amino compounds, adhesives, 
3S*j 

Polyaniide resins, developments, 13f» 
Polyanthiii, (NV<* Polymethylx-polv*!.- 
glutamate), Vi Pi 

PolvMoc. graphite absorption system, 

;»:i 

Polybutadieiie. binders tor propel - 
lants, viUN 

I.V- anil 1,1-, copolymers, proper- 
ties of, 3 IN 
modified binder, Vi>3 
! » efractive index, 4df> 

c - Pol \ butadiene, as pa->mger p r< 
rubber, 31;) 

! in hvdroi arbnns, polymerisation. 

3 1 1 

i Polvbutadienes nucr«»stnii ture, 31 7 
struct irrJ and strength of, 3 IN 
■ PoIycarlKinatc, coating resins. Ill 
oters. photiigruphii 1 7>* 

! photographic uses, 17* 

| prodia tion. 4 1 * 

resins and lacquers, 41* 
structure of, 1 7‘J 

Poly« arlxinate ba.se, photograph) 1 
materials, l*o 

Pol ydimt rust vrme, t-xplo-ivvs, Job 
P >!\ - ii«* < ‘impounds, photograplm 
film protection, lb* 

P--lye->ter>, bases, for film-, i*o 
* iir«*matographic columns, v*V 
curing, 4 1 N 

organophosphorus. 3b',» 
photographic ■ mati rials, 17*v>, 1*7 
stabilisation, 4 lb 
: viscosities, 414 

Polyester tibrrs, consumption of, 737V 
Russian production, 37 V 
i pr»lve-ster tibr«- glass, eorrosi'Ui, l.'jo 
I Polyt steramides, for oriental)!* blue- 
and nhn base. 17* 

, photographu him bases, 17* 
j Polycthetioid acids, structure of. V'.d 
| Pol yethers, glvcidyl. production of, 
j 41b 

| Polyethylene, chromatography on, 

j pri< v. redui tions, 377 
production, 377 
i sales stati -ti* *, 37 s 
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Polyi-tliylfiK ? — continued 
toughcncr for, polymers awl co- 
polymers, 405 

Polyethylene bags, for seismic explo- 
sives, 200 

Polyethylene film, black, a* mulch 
ami soil iV -status, 443 
bread wrappers, 487 
road coverings, 50 

1 ** »1 ye th vlcne glycol , « h romat* igraphie 
analysis, 2*2 

in photographic emulsions, 1*2. i*:; 
nitration of, 193 
puperrnaking additive, 342 

Polyi lliyletie terephthalate, <olloi»laI 
solutions, .'17 1 
hydrolysis kinetics, 117 1 
intermediates, .'172 
preparation, crystal stricture. 1574 
strut tore and photographic uses, 
17* 

Polyformaldehyde, binders for pro- 
pellants, 198, 207) 

I’ulvglvi.ols, formation of alkvds, J|.’> 

pojygly ol an-tat**i, textile stiffen* r^, 
3*0 

Polvgonisation, in fatigued steel, 93 

Polvliydroxvarvlphenuiies, prepara- 
tion, 157 

Pnlvhvdroxy « (impounds. adhrsbrs, 

>»; 

I *uJyh vdp jx vphen* »Is, ant inxidauT-. 

I’nlvjsoi variates, r rosslinking. .'ltd 
• 1,1 l'nl\ lxipretie, < aralvtic svn- 
th* >is, .'lop 

1 'olvisopr* iie>, rn>< rostrui tore analy- 
sis. 3 1 7 

f’nlym.r-, A.H.S.. II", 111 
rurylic, water-soluble. .TCI 
as photogr.iphu materials, 177 
beads, expandable, til* 

biaxial stretching, 4 P> 
rhemi< al const it tit ion. .11. ‘I 
i hmntatography. |ol 
crystal lim tv. 409 

dispersions, as hatlur tini-lnfs. 
323 

drying plant for. 209 
expansion techniques, 4 M* 
for i up*. closures. I b* 
iioni petroleum, 41 * 
graft, 319 

high-temperature behaviour. |nl 
hydrolysis study. -101 
impact matenais. -I M* 
inorganic, heat resisting materials. 

394. 401 

from dihorane. 395 


Polymers, inorganic —continued 
heats of formation, 394 
light stabilisers, 4 12 
liquid and vapour crazing, 409 
long-chain, for soil colloid settle- 
ment, 447 

mechanochemistry, 319 
M-O-M 1 , recent research, 398 
phosphor us—nitrogen-oxy gen as 
ceramic materials, 39G 
photo-elastic properties, 409 
properties, structure, decomposi- 
tion and analysis, 409 
semi-inorganic materials, 394 
shear modulus related to molecular 
weight, 409 
solvation, 435 
tensile strength, 319 
thermoplastic toughening, 404 
test methods, 410 
toughened thermoplastics, 410 
water solubility, 390 
Polymer film, oriented, 410 
Polymer sheet, high impact, 410 
Polymerisation, catalysed, 409 
effects of oxygen, 379 
emulsion, 418 
of acrylates, 391 
initiators, 409 
review, 409 

stereospecific recent work, 402 
Polymethacrvfic acid, ester, quatern- 
ary ammonium photographic 
mordant, 184 
exchange resins, 260 
Polymethine, azulene dyes, 170 
Polvmethylenebis- ammonium com- 
pounds, neuromuscular blocking 
compounds, 222 

I 'olymethylenebis (carbamovlcholine) 
chlorides, muscle relaxants, 223 
Polvmethylenebis [diethyl - ( 7 - theo - 
phyl-linc ethyl)] ammonium bro- 
mides, curarising potency, 221 
Polvmethylenebis- (1 -ethyl thco- 
brominej-ammonium bromides, 
curarising activity, 221 
Polvmethylenebis- {trimethyl - 
ammonium) compounds, neuro- 
muscular blocking compounds, 222 
Poly methylene glycol, polyester coat- 
ings, 189 

Polymethyl methacrylate, as film 
base, for maps, 179 
effects of light, 383 
high temperature surface decom- 
position, 3871 
moulding powders, 379 
photodegradation, 188 
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Poly methyl — tanti « m d 
photographic uses, 181 
properties, 40-4 
stressed, tests, 383 
tensile properties, effect of molecu- 
lar weight. 383 
thermal degradation, 383 
trans -esterification, with polyesters, 
380 

Poly met hy 1- x-poly-L-glutamate, anti- 
tubercular activity. ‘Jl'J 
Polymethvlsiloxane, foam inhibitors, 
;>i*5 

Poly methylstyrene, alkali-metal sul- 
phonate derivatives, 183 
IVlvmixin B. veterinary uses, 47G 
Polypeptides, biological, purification 
’of, V?G3 

in fibrous protein, 3T»i» 
infra-red spectra. 3Go 
orientated chains, 3f>3 
Polyperoxides. formation of. 3M» 
Polyphenols, dittusion into hide, 3*3 
l'oly phosphoric acid, condensing com- 
pound, 1 ,V2 

Polypropylene, production of , 3G*. 377 
sales statistics, 37* 

Polypropylene fibres. 3G7 
and plastics. 3»N 

elastic properties ’steric purity’, 
3»‘<‘* 

International production, 3G* 
isotactic, 387 
production procos*^, 3*»;i 
u-.es. 3G*. 

Polypropylene filaments, .V-ray study, 
37*i 

Polypropylene him. br< ad wrapper, 
4 ^7 

Polypropylene yarn, elastic pro- 
perties, 37'* 

Polvsat charities, acidic, separation of, 
*v, i 

additives to fibre bonding, 31* 

. 1 zotnha<Ur chemistry. 3G 1 
l iters, incorporation into margar- 
ine, 

oxidised, photographic hardener-., 
183 

Poivsiloxane azo lives, preparation of, 
Ibi! 

Polystyrene. lb* 
adhesives for. M 1 
alkali metal sulphonate derivatives 
1*5 

antioxidants and light stabilisers, 
411. Il ii 

anti-static properties. 11 1 
applic at ions, 101-107 


Polystyrene — < onti n ned 

blowing agents and expansion 
methods, 4bG 
expandable materials, 400 
flame-prooling methods, 4U3 
foams. 4UG, 410 
from ethylbenzene, 40*2 
isotactic, 410 
light stability, 404 
mixture with rubber latex, 404 
moulded articles, 4UG 
of high molecular weight, 4U\f 
oriented, vacuum formation. 410 
photographic polymers and co- 
polymers, 181 
processing, |OG 
production figures, Oil 
refractive index, 405 
relaxation and toughness, 410 
sales statistics, 378 
substituted, halogeno, silico and 
nitro, loo 

sulphonated, coating of diato- 
maceous earih, *il0 
toughened, 4 1 II, 413 
uses in U.K., Oil 

Polvstvrme fibres, in paper industry, 
315 

Polystyrene plastics. properties, iv. ( 

Polystyrene sheets, mieroporous, tn3 

Polystyrenesulphonii- a< id. copoly- 
mers. photographic uses, 1*1 

Polysulphides, corro>ton, IV* 
crosslinking in rubber, 3] I 
in wood pulping. 33G 

PulytetraHuoroethvlene, salts ^t.i- 
istus, 37* 

Polythene, in he|<l soil nitritii ui<-n 
study. 1 13 

Polythene coatings, with Fiber- B. 31 ■> 

Polythene* tubes, for transferring 
Uitri* esters, liu! 

Polytrilluoropropyl - methylsiltixaiu 
resistance to fuel oils and solvent-. 
31 G 

Polvtron, f>apermaking equipment. 
337 

Polyureas, tilms and libres, 3*3 
segment elastomers, 3G3 

I ’oly urethanes, organophosphoru-. 3' ( 
photographic polymers, 1*7 
polyetlwr -based, 31G 
production from petroleum, 
recent developments, 418 
segmented elastic fibre Ty« ra . 
303 

segment elastomers, 3G5 
technology, 325 

Polyurethane coatings, 131 
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Polyurethane- --continued 
symposium, 41* 

Polyuronides, in fat powder, 271 
Polyvinyl acetals, alkali metal sub 
phonati: derivatives, 1N5 
as photographic colour formers, 1 83 
photographic polymers, 180, 1H8 
Polyvinyl acetate, fatty acid methyl 
' esters, gas chromatography, *282 
Ml*' resin, .'18(1 

oxidation with ammonium nitrate, 
107 

paints, 3*1 
sales statistics, 378 
woodworking adhesives, 3*5 
Polyvinylaeetnphenone, Iifiht-sensi- 
tivr polvmers. l*b 
Pol v vinyl" alcohol, for various pur- 
poses, 312, 3s. i, 32!) 

Polyivim lalkvl ketone), condensa- 
tion products, photographic mor- 
dants, 1*1 

polyvinyl butyral, photographic 
hinder, 1*2 

J’./lyvinvlamine, light polarising film, 
1*1 

Polyvinyl caprolactam of polyvinyl- 
pyrrolidone. photographic stabil- 
iser, i*r» 

polyivinyl carbamate), hydrolysed. 

photographic polymers, 1*1 
PmIv vinyl chloride, acrylate rein- 
forcement, 392 

coatings, for ammonium nitrate, 
Mi 

removal of, 337 

copolvmcr him supports. I 1*1 
with i el lu lose esters, 1*" 
price reductions, 377 
sales statistics, 37* 

Pulvvinyl cyanide, basic dyes for, 

lb* 

cilect of benz< oumarms, b>/ 
photographic film base, 1 
whitetiers for. 157 

Pole vinyl ethers, photographic poly- 
mers, 1*7 , . 

Poly-fX-vinyMartam), photographic 
si-nsitiser, 1*3 

I'nlyviiivl polymers, photographic 
antihalation layer, 1*1 
Polyvinylpyrrolidone, as textile n- 
tardant, 15b 

pi*ptiser lor photography. 1*1 
P( )N polymers, 32b 
Pontalin, clinical value, 21 i 
Poplar, alkaline pulping. 33* 
Porcelain, commercial, iiiicrustnn 
tore, t»7 


Porcelain — continued 
forstcrite, effect of silica, 68 
systems, reaction kinetics, 69 
Pork fat, rancidity changes, 286 
1 Vitphyrin compounds, in dehydrated 
foods. 287 

Potash, bene delation by electro- 
statics, 32 

world production, 20 
Potassium, and caesium- 137, soil- 
plant relationships, 452 
glass analysis, 50, 59 
ratio with calcium for reduced 
bitter pit of apples, 461 
soil, and micaceous minerals, ex- 
traction, 447 

availability, effect of temperature 
and moisture, 446 
available, extraction without fil- 
tration, 347 

exchangeable, relation to crop 
yield, 349 

Ontario, effect of drying, 449 
resen vs, weathering of, 449 
Potassium /-butoxide, in /-butanol, 
reagent for fatty acids, 277 
carbonate, attack on refractories, 
54 

separation from soda, 27 
chloride, from sea bitterns, 32 
production from brines, 32 
high quality, 20 

ethyl xanthate, flotation ol zinc, 


lluosilicate, 31 

hydrofiuoride, production, 28 
laurate, effect ori foams, 592 
metaphosphate, granular new pro- 
cess, 451 

monopersulphate, in household 
washing compounds, 1 / 
production, 29 

olvate, addition to rubber latex, 30* 
salts, effect on mining, processing, 
32 

from brines. 32 
mining technology, 3‘, 
stearate, magnetic resonance spec- 
tra, 29/ 

sulphate, from sea bitterns, 32 
manufacture, sodium sulphate, 
32 

recovery, 32 

thiocyanate, salt conversion pro- 

(itanate, fibre, as filter and insula- 
tion medium, 34b ■ , 

Potassium alloys with sodium, liquid 
metal pumps for, (>3 
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Potassium industry, Alsace and K. 
Germany. 32 

Potassium ores, process control by 
Geiger counter, 32 

Potatoes, peeled and chipped, pre- 
packaging problems, 303 
sprouting inhibition, and cotss, 
504 

Potato scab. UF condensates tor soil, 
387 

Pottermeter, for fluid flow, 580 
Poultry, effect of antibiotics, 533 
Precipitators, electric, in gypsum 
plant, U 

Prednisolone, halogenated deriva- 
tives. 25n 

(triamcinolone) synthesis, 255 
Pregnanes, 5- methylated, synthesis, 
255 

I^egnenolone, derivatives, activitv. 
252 

Prenderol, anticonvulsant. 233 
Preservatives, food. 180, -1ST 
for fish meal. 512 

Presses, double-acting, activated by 
explosive, 101 

Pressure, hydrostatic, v fleet on zim 
deformation, loo 

Prcsurrn [Viadril , intravenous an- 
aesthetic, 233 

Primaquine, treatment < >1 Plci * ni'c.u um 
uiax infection, 21-1 
lYimaqume phosphate, instabilitv, 
2 14 

Printing ink*, in«-thai rvlatf poly- 
mers, 3*3 

Procarboxypeptidase -A and -H. idm- 
ti fie at ion. 2*i 1 

Prochlorperazine, til.i pharma- 

cology, 2 'hi 

Procollagen, ammo-a* ids of, 321 
Prodeco nium [diohrxadecanium 
.V.V.V.V-tetramethyl-.V.V-ftjdpru- 
poxyearbonylmethyb-3,l-l-dioxa- 
hexadecane* 1 , 1 6-diammoniu rn 
bromide], muscle relaxant, 223 
Progesterone, derivatives, 251 
9£, 1 U x- Progesterone, preparation 

from lu mi sterol, 219 
Proline, isolation from wool, 351 
Prolixin, (See Fluphenazin). 230 
i^romethazine, antagonism of TEA. 
220 

lYopane, new construction plant for, 
133 

removal of sulphur dioxide from 
gas, 12 

2-Propanol, beer flavour component, 

32 l 


I - Propargylcvcloliexyl carbamate 
(Merinaxj hypnotic, 235 
Propavan, (See Propiomazinc), 236 
Propellants, aerosol, nitrous oxide, 19 
estimation of specific impulse, 201 
jet, 205 

rocket, alcohol nitrates, 193 
ammonia-oxygen, 205 
classical, performance, 203 
combustion and propulsion, 2o-i 
containing graphitic acid. 203 
explosive, 192. 193. 191 
fluorine with hydrogen, 10 
handling and thermodvnamics of 
bipropellants, 198 
liquid, 2oi 

oxidants. 18, 19H 
nitro methane, 293 
production, 203 
review of, 196 
solid, 197, 203 

specific impulse statistics, 198 
tests. 201 

with graphitic acid, 205 
Pntpiomazinr, preparation, tranquil l- 
iser. 236 

Propionic acid, or calcium or sodium 
salts. us» in bre ad, 486 
Propylene, catalytic oxidation 
ar relate esters, 390 
chemical utilisation, bli 
industrial chemicals, 1 11 
Propylene carbonate, solvent fur 
Dynel, 345 

Propylene glycol, production of syn- 
thetic butter, 276 

Propylcneurca, crease-proofing com- 
pounds, 386 

Propyl gal late, determination in fats, 
284 

Propyl nitrate, fuel, specific impulse. 
19 * 

with nickel, additive for monopru- 
pellants, 198 

I*ropylon, polypropylene fibre produc- 
tion, 368 

Proteases, treatment of skins, 321 
Protein fibres, from regenerated pro- 
tein, 358 

literature review, 333 
(vegetable) regenerated, 362 
Protein films, foam interfaces, 590 
infra-red spettra, 360 
Protein hydrolysate, foams, 390 
Proteins, absorption bv Amberlite 
resin, 260 

blood serum, fractionation, 263 

< hromatography of, 264 

< olour reactions, 320 



753 


SUBJECT JNDEX 


Proteins — continual 
control in meal shipments, ‘.'TO 
effect on foams, 592 
fibrous, polypeptide composition, 
355 

groundnut, denaturation, 35ft 
a-helix structure, 353 
in hides, 32ft 
in seeds, 268 

isolation and purification, 259 
reaction with nitric acid, milk 
analysis, 405 
role in beer haze, 321 
separation from oleaginous ma- 
terials, 27U 

synthesis, in yeast, 523 
role of cobalt, 4ft 1 

Proteolysis, acceleration in malting, 
320 

Prothridium, antitripauosomal com- 
pound, 213, 470 

resistant strains of Glnstina, 479 
Protozoa, ciliate, in sheep rumen, 
3ftn 

drug resistance*, 218 
inhibition by diaminoalkoxy-pyrid- 
ines, 210 

Pseudomonas, bacterial fertilisers, 361 
etiect of Kanamycin on, 210 
soil, degradation of trans-cinnamie 
acid, 566 

demcthvlation of aromatic 
ethers, 306 
(dins, in soil, 5G0 

Pailocybc me xi can a Heim, mushroom, 
psilocybin from, 2311 
Psilocybin, drugs, 230 
Psychotomimetic compounds, 230 
Pulp, beating instrument. 340 
bleaching with sodium chlorate. 3 |o 
chemical, from grasses, 318 
decomposition in ball mill, 310 
from hardwoods, 331, 318 
NSSC digester. 340 
from jute. 348 
paper, 333, 337 
flow in, 351 

pine, structure of constituents, 310 
soda, for papermaking, 335 
sulphate, development, 318 
sulphite, and kraft, 336 
wet mats, compressibility equation, 
338 

wood, for propellants, 1 21 
Pulping, alkaline, progress, 348 
using polysulphides. 336 
snlphiditv control. 336 
cold soda process, 348 
hardwood, with lime, 331 


Pulping -continued 
hydrotropic, and scmi-hvdrntinpic, 
343 

kraft, 336, 343 

mechanical, groundwood for, 334 
raw materials for, 333 
sulphite, calcium-base, for news- 
print, 335 

sulphite processes, 335, 336, 343 
technology, energy requirements, 
346 

wood, behaviour of hemicclluloses, 
343 

Pulping plant, 337 
paper, alkaline digesters, 114 
drainage equation, 350 
Pulpwoods, and pulping, 335, 330, 
318, 343 
use of, 204 

Pump, all-glass, for corrosive liquids, 
573 

canned, high-temperature, 573 
classification of, 575 
fluid flow metering, 579, 580 
for cell cultures, 552 
liquid- metal, for alloys, 63 
metering, 573 

rotary, for hydrogen fluoride hand- 
ling, 16 

torque, flow pattern of, 580 
Pumping, heat transfer and fluid flow, 
579 

Pure Food Centenary celebrations, 
183 

Purification newer techniques, 259 
Purines, effects on flowering, 465 
Pvrazinamide, treatment of tubercu- 
losis, 21 1 

Pvrazoles, antibacterials, 219 
Pyrnzolines, 3-amino- 1 -phenyl-, for- 
mation of derivatives, 151 
Pyiiclal, (>Vc 1 -Phenyl-5, 5-dicthyl- 
barbituric acid), 234 
Pyrida zincs, heterocyclic derivatives, 
neuromuscular blocking agent, 225 
Pv rid oimidazoloanthraqui nones, 

formation of orange pigments, 171 
l’yrimethamine, and sulphonamide 
for caecal eoccidiosis, 479 
antitoxoplasmic action, 220 
coceidiostatic efficacy, 220 
Pyrimidines, antibacterials, 219 
effects on flowering, 465 
Pvrite, oxidation by oxygen, 77 
Pvrites, fluidised, 24 
for sulphuric acid production, 24 
sulphur dioxide from, 2o 
Pyrithiamine, neuromuscular effects, 
‘221 
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Ryroccllulose, stabilisation, HU 
Pyrocoram, production from glass, 57 
Pyrochlore, Norwegian, African and 
Brazilian resources, fi 
Pyrolusite, recoven* of copper, 76 
Pvromellitic acid, production from 
xylene, 136 

Pyrenes, formation of, 126 
Pyrotechnic compositions, tracers, 
smoke, 20$ 

2- Pyrrolidine, X- vinyl- or N -methyl*. 

wetting compounds, 431 
,V * Pyrrol idinomethy l - tetracycline, 
Syntetrin, 21$ 

Pyrrolidonecarboxylic acid, off* 
flavour in processed beet, 165 


Q 

(Quaternary ammonium compounds, 
isolation, 264 

polymeric muscle relaxants, 223 
Quaternary* ammonium salts, hvdro- 
pho bising soil, 4$ 

Quaternary 4,4 - diacetophenone 
compounds, neuromuscular acti- 
vity, 224 

(Quaternary ethytalkylamine ethers. 

muscle relaxants, 221 
(Quaternary trianuncs, muscle relax- 
ants, 223 

Quartz, A* -ray data, 6 l 
sintering of crystals, 

(Quiactin (Nee 2-Kthyl-3-pfopylgly« id- 
amidol, 23 s 

Quicklime, determination of acti\ity, 
47 

dolomitic, hydration, 33 
properties of, to 

Ouinacridone pigments, preparation, 
174 

Quinapyramin**, treat merit of try- 
panosomiasis. 213 

Quinazolones, antii onvuKant at ti- 
J vity. 23 1 

Quinizarin, reagent for U ryl. 6 
Quinocide, treatment of malaria, 21 t 
Uuinones, cvclobuta-polw v< li< , dv»-s, 
1 70 

importance in * arl*on bla< k 116 
Ouinuronium sulphate, treatment of 
habcsiasjs, 214 


R 

Rabbits, toxic poi>on from Dtrhape- 
faium luxt r arutm seed-,, 26 1 


Radiation, effects on cells, 268 
high energy, mechanism test, 401 
infra-red, shielding material, 346 
upgrading rock salt, 14 
ionising, biological effects, 257 
industrial hazards, 681 
protection against, 267 
resistance of mice to, 257 
protective compounds, 257 
shield, of fibrous potassium titan- 
ate, 346 

sterilisation of collagen, 320 
treatment of grain and flour, 486 
ultra-violet, effect on polypropyl- 
ene fibres, 370 
for yeast mutations, 623 
y-Radiation, effect on linseed and 
soya-bean oils, 425 
sprout suppressant, 504 
Radioactive fallout, uptake by plants 
and animals, 450 

Radioactive materials, reagents for 
lipids, 281 

Radioactive tracers, in bleaching 
process, 340 

in cement manufacture, 36 
in corrosion, 131 
in metal examination, 582 
pulp- and paper-making, 336, 350 
techniques, 557 

Radiobioiogv, ( hemic al processes, 250 
Radiographic methods, for reagents 
on minerals, 71 
Rape oil, iri animal diet. 303 
Hare-earths, borides of, 31 
Indian sources closed 1656, 6 
separations and recovery of, 35, 77, 
hi 

Rare earth metals, and compounds, 
112 

preparation of. 85 
Raspberries, gas storage, 50 3 
Rat-., testing for tumours, 586 
y-Kav absorption, study of gases, 57 ■» 
A'- Rays, analysis of coal. 567 
resistance of mice to, 257 
A'-Ravs-diliraction, metallurgy, 63, 
inf. 112 

A"-Ray fluorescence, analysis, of 
cement materials, 38 
of lighter elements. 7 
Rayon, new fibre RD-101, 3 13 
stiffening resins, 387 
Rayon fibre, KI)-tfll, 313 
HI)- 101, new rayon fibre, 345 
KDX, formation. 200 
RI)X TNT, explosive mixtures, cast- 
ing, 200 

Rear tors, corrosion of, 126 



755 


SUBJECT IXDEX 


Rectification, in packed columns 
57a 


Reductases, cystine and glutathione, 
in clothes moth, .'101 
Red water, 1 in vine, treatments, 4 SO 
Refining, of oils, apparatus for, 275 
zone, allied techniques, 9J 
of metals, Si, 01 
vapour process, 01 

Refractories, acid, corrosion equi- 
libria, 69 

attack by glass, 54 
chemical kinetics, 02 
corrosion by glass materials, (Hi 
rlectrocast, rate of c orrosion, 51 
for glass furnaces, 00 
magnesite chrome, ('ill 
materials, 02 

mechanical properties at liiKh- 
teinperature, 09 
researi h and development, 02 
service testing, 09 

Refrigerated transport, of perishable 
foodstuffs, r,U1 

and storage of fruit and vegetables, 
,’iirj, bo. ‘I 

c ascade, pro< e>s cooling, 379 
congress talks 011 food standards, 
."») 11; 

drying of gas. (ioo 
insulation with polystyrene, •|wi 
systems, heat transfer in. 579 
Refrigerator materials, plastics for, 

Uu 

polystyrenes. |96 
Reseipine. etfi'c ts of. 237 
Resins, acrylic, 390, .'591. * I 
polymerisation, .'59 1 
alkyd. 417. 4 IN 

calculation of viscosities, 414 
drying oils for, 19 l. 497 
gelation of, j 14 
isophthalic, 41S 

new materials and modifiers. 111, 

4 1 r. 

segregated pilchard oil in. 41 s 
sales statistics, 37S 
alkyd silicone, stability of. UN 
alkvl -vinyl, binders, I9N. 99b 
amino-, complex-, 3M 
amino- formaldehyde, and PI* , 3*9, 
41b 

cross* linking with metal ion, 391 
analysis of, .’190, 416 
aniline- formaldehyde, casting. 3*9 
-cellulose estcT/ether. adhesion to 
plastics, 499 

chlorosnlphonatcd polyethylene, 
analysis, 416 


Resins — continued 
epoxide, curing mechanism, 416 
epoxy, for special purposes, 38, 50 
387, 410, 429 

production from glyceride oils, 

ethonoid, thermosetting, 416 
for coatings, 352, 389 
melamine, adsorption kinetics, 352 

melamine-formaldehyde, forma- 
tion, 415 

hardening compounds, 390 
liquid, storage life, 386 
production costs, 38-1 
structure of, 389 
methacrylate, as lacquers, 429 
natural and synthetic, 414 
oxyterpene-nitrocellulose, 430 
phenol -formaldehyde, with silicate— 
mcthylol melamine, 385 
phenol-urea-formaldehyde, 389 
phenolic, 385, 416 
phosphinoborine polymers, 3% 
polycarbonate, 414, 418 
polyester, developments, 135 
polyurethane, use of glycerol in, 
418 

raw materials and applied, 389 
silicone, in lacquers, 418 
synthetic, compressed charges, 206 
for paper uses, 352 
leather finishes, 325 
thermosetting binders, 198, 205 
triazine and thermosetting, heat- 
resistance, 385 

ureas, cyclic, textile stiffeners, 386 
u rea-f ormaldehvde, adsorption 
studies, 352 
applications, 385 
heat-resistant, 390 
improved, 385 
cationic, preparation, 380 
production costs, 384 
rigid foams, uses, 387 
water-insoluble, with dynamite, 
206 

wet strength, 344, 352 
Resin repairs, corrosion, 130 
Resorcinol, condensation with 
naphthoquinone, 150 
production of, 144 

Respiration, fruit and vegetable 
storage, 503, 504 
Respiratory paralysis, 224 
Reticulin. amino-acids of, 321 
Rhenium, in molybdenite, geochemis- 
try, 10 

purity and ductility, recrystallisa- 
tion, 107 
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Rhenium- i^uimtuti 
systems, with carbon. 1 1*.’ 
with tantalum, snliilus measure- 
ment, 1 10 

volatilisation in roaster gases, 7>* 
Rhenium alloys, refractory. 1 10 
with molybdenum, loti 
with tungsten and molybdenum, 

ior. 

khir.t'ihia, production of vitamin H,.„ 
■Lt'»I 

Rhizobiology, tropical legumes. f»t»r* 
cultural factors. bt*1 
specificity in nodulation for X'-tixa- 
tion, bb> 

ijpoti'cutu, growth of sova bean 
plants with, 4 til 

Iwiijopus fungi, conversion of hide 
fleshings to animal feeds, b;M; 
Rhizosphero. of crops, ;>t»r. 

plant-organism relations. bbii 
Khi/osphere effect and bacterial 
stimulation, b.V.i 

Rhi/osphere micro-organisms, exud- 
ates, b>‘»d 

Rhodium, crystal, for poly* rystallin*- 
wire, 1"" 

- molybdenum, phase diagram. 1 1* 
oxvgen content related todu> t i Lit x . 

in: 

Uh v /v‘-u i ^hinuri . < ornpotieiits. 

Rdx>tiavin, in tl *ur, Nutritional 
Panel, )M 

Ribor'iU'-l'-ase. isolation of, ‘Ji.o. -v. } 
Ribonucleic a<.id, growth p 1 1 1 -r ti in 
Vi -a St . - 1 

Kii t r: - - i a i < I i ■ a<'id. mfra-nd -o • t:.c 

Ri< in- '!»• a* id. alkali-fi-Mon. 7* 
in fat', ’, M, b 

oxidation of. yng 

recent pubic ation>, 

Ricinob-i- gly> rid- o, » nnibiJa r- for 
edible fats, \i7b 

Ki* inoboylmorpholirtf, preparation 
and proper! lev, o*.*b 
Rifomy in, new antibiotn , 

Ritalin, (See M»-tlivlplirnyl-x-pipmd- 
vla/ etatej, t’-'j-*' 

Roads, weathering. T* 

Road materials, 'hi 
foundations, H 

Roasting techniques, for min- ml-, 71 
determination in, of constituent s, 7 
spectre*; hemic a 1 analysis, 7 
of germanium, in 
of lead. In 
of nickel, jo 


Roasting techniques — touiiuwd 
of niobium. It) 
nitrogen reservoir in, 11b 
tropical weathering, -IS 
Rock salt, new deposits in Cheshire, 
111 

Roekets, materials for, 2 M l 
nuclear, experiments and calcula- 
tions, |P7 

refractory metals for. 10 1 
Rocket motors, tungsten and tanta- 
lum-base alloys for, 10* 

Roots, exudates, bacterial growth, 
bl ill 

penetration of pipe coatings, I lb 
Root nodules, formation factors, [nib 
isolation of symbiotic microbes, bho 
nitrogen hxation bv, bbs 
Rope organisms, control in bread. 4 m; 
Rosin, analysis, 417 
Rotameter, for How measurement.-, 
ro; 

Rotocel, plant separator, 
Kotcifonners. mat bine, for rayon 
spinning. It |b 

Kotnrs, in Rottermeter, b.Mi 
Rubbers, addition to mail bitumens, 
J'.i 

and elastomers, bos 

dijin thybiln one, modilu atinn, bit', 

eljsiti* it y, bl 1 

foam, prodin tion, bu.s, b*s 

f<»r propellant binders, 'Job 

infia ml sp. t tros< upv, :tl 7 

natural, « i v-t.illisalioii structures. 

gunisto. kc oxidation, bit! 
low -lemperatur*- behaviour bn> 
radiation < tiring, .4 lb 
\ uh ambition, bln 

N f » R , , pr«t*'*"ing of. bib 

pi'!\'urethane. luring with di- 
< umvl p- i oxide, bli, 
pr**ti •( tion against < upper and in -n 

of metal surf.it i -* b\ , Mb, Km 
rejnfnit euii-nt with t.irboii black, 

U'» 

r< scan h, b77 

solution in stvr« in , polvtm ri>ati<>n 

lo| 

so* k, ‘X-iadiati>>u • uriiig, ill's’ 
-tvrrne butadiene, HI*-?, bib 
sulphiiri <<1, (hemnal structure. 

bli 

thcrmuplustu systems, 40b 
vinyl < va ll if |e iiutadielie, tUeiuial 
vulcanisation, kinetic studies, 
bir, 
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Ru fibers — continued , 

vulcanisation, cross-linking, :;ln, [ 
392 

Rubber films, autoxidation, 31 ‘2 
Rubber sols, examination in hydro- 
carbons, 43b 

Rubcanic acid, reagent for fatty acids, 
VKO 

Rubidium , in lead and barium glass, 
fit* 

Iturnen, frothing and bloat, 304 
Rumen bacteria, and fatty acids, on 
bloat-reducing diet, -1 7 *’» 

Ruminants, bloat in, 47b 
depot fats, lipids of, 3u2 
lipid nutrition, 29s 
Ruminant alimentary tract, fate of 
lipids in, 30) 

Ruthenium, addition to alloys, 107 
new determination, 10 
oxygen content and ductility. If »7 
workability, 107 
Rutile, price variations, 5 

production of titanium from, *V 


s 

S.uchaiin salts, polymerisation cata- | 
lysis, 3'.' l | 

Sin c/turowvc f' < net -1‘t'yiZt ii'i", incom- 1 
ptetelv deficient respiration, hi? 3 
Safflower seed oil. market in paint 
industry. 425 

Salicylate, inhibition of sled. 125 
Salicvlic add, in photogrnplm ma- 
terial-, Im» 

Salmon, canned, pndii tioii of colour, 
5iv 

frozen. tanning profih ms. 512 
struvite suppression. 51V 
Salmon oil. fat liquoring. 3V.» ^ 

Su/ukoi (•/{,!. infection by animals. M3 
survival, nutrition and antagonism, 
MV 

tests and media, M3. Mb 
tvfthi-wur nun. resistant strains, in 
chicken, 47b 
Nf)il snrvn al. Mb 

Salt, common, production and list s, u 
containing soda ash and petroleum, 
hide curing, 321 
from sea water. 2b 
Salt industry. Vb 

rock, new deposits in i hedmv, M 
Salts, (used, high temperature cmlri- 

fuge for, 7<* 


7f>7 

Salts, molten, corrosion by, 127 
subsoil, purification, 2G 
Salting, of fish, 501) 

Samarium, pure, preparation of, 85 
Sampling, horticultural foliar diag- 
nosis, 457 

Sand, grain size, in glass refining, 61 
stabilisation with sodium silicate 
and calcium chloride sprays, 4b 
Sandlimo brick products, 47 
Santoquhi, fishmeal antioxidant, 513 
Sapogenins, steroidal, 255 
Sardines, freshness estimation, 512 
pre-cooking of, 512 
Sb-1 f, treatment of bilharziasis, 215 
Scald, superficial, of apples, 50G 
Scandium, preparation of, S5 
trai ts, in rocks, 8 
I Scheelite, Canadian prices, 5 

electrodeposition of tungsten from, 

N| 

Scheelite concentrates, tungstic acid 
from, 35 

Schistosoma haematobium, and S. 
mansoni, control with Triostam, 

Schistosome, treatment of infections, 
220 

Scopacron, metal finishes, 3b2 
Scopolamine methonitrate, treatment 
of influenza, 21 1 
Scrolls, I')ead Sea, dating of, 327 
Scrubber, automatic, flow variations, 
578 

Sebacic acid, formation of, 293 
Seed, pre-treatment and processing 
for oil, 2G-8 

Seed crushing, recent developments, 

Siiima nervosum Slapf, grass, paper 
pulp from, 34* 

Selcnate, for unthrifty lambs, 47) 
Selcnitcs, steel inhibitors, 125 
Selenite media, Salmonella, 543 
Selenium, content of grain in selcnifer- 
ous areas. 472 

control of muscular dvstroply m 
suckling calves, 47V 
dietary, against muscular dystrophy 
in lambs, 171 
for unthrifty lambs, 1 » f 
toxicity levels, 172 
,-jtect on 'rubber latex, 30b 
in explosive delay compositions, 
201 

of factor 3 from brewers yeast, 

varied plant absorption from soil, 
485 ‘ 
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Selenium — rout in tied 

vitamin E-sparing action on bread, 
4S5 

Selenium compounds, deficiencies and 
liver necrosis, 171 

Selenium dioxide, oxidation of 
rtuorencs. lull 

Semiquinones, photographic products, 
1S4 

Sergetyl {Ntv Ethylisobutrazine). \*3U 
Serine, in wool, 3aU 

migration of acyl group, 3'2l 
Sernyl. analgesic, *233 
Serotonin, protective action, v\'»s 
Sesame, processing, *2 OS 
.v,v// iidicum. components, 2 VO 
Sewage, disintegration of faecal 
masses, u-fi 

pathogenic intestinal organisms, 

:> tv 

sea-pollution, r»4*2 
viruses and sterilisation methods, 
u tO, j is 

Sewage sludge, tubercle baeilliin, .'*'*1 
Sewers, concision bv sulphur bacteria, 

1 

Shark meat, spoilage of, ,V>s 
Shea, butter. components, *2 VO 
solvent fractional urn. ‘274 
Sheep, control of hmgwonns, !7> 
of trie host rangvles, 17" 
coppor-deficienc v, 1 Tv? 
treatments against fluke. IT’' 
for .V (■ n: Jt 177 

for Phalans staggers, 171 
with phenotluazine against 
wurnh, 177 

Sheet', extruded plastic, surface 
treatment b\' ga .. lo.’> 

Shellac, in the paint industrv, -11" 

She 11- re* k, for road < ‘instruction, IV 
>/’i , survive.!, nutrition and 

antagonism, hlg 
Shipping, of molten sulphur, 1*2 
Shoes, heeling with polv>tvrcne, |o7 
shortening, aerated, pr<*duetion, *27U 
produ< tion an<l performance, ,'7 l 
Shrinkage temperatures. , riteria for 
tannage and s< roll dating, 327 
Shrink -ppiolmg. etfi< ienr.v of, 3:, 7 
Sialii acid, isolation from *artilage, 
:«fi 

related to carbohydrates. 320 
Sirjerite. impurities in gibbsite 
minerals, ?> 

roasting in furnaces. 73 
Silages, fish. r»/3 

Silica, amorphous, reaction with 
r.alfium hydroxide, In 


Silica — continued 

characteristic structure, 04 
colloidal, production, 31 
determination by spectrograph, of! 
effect on forsterite porcelain, US 
electrical properties, lit! 
finely divided, vulcanisation cata- 
lyst. 311 

reaction with magnesia, 04 
systems with alumina, US, 7o 
v iscosity and density, til 
working, high temperature burner 
for, 7»y 

Silica bricks, composition of, Uv 
Silica gel, containing gypsum, chro- 
matography, MTV 

Silicates, alkali, molten, conductivity 
in. UH 

analysis methods for rocks, 
minerals, 7 

hydrous, alumina from, si 
liquid, characteristics of glasses. 
US 

structure of, US 
liquid i in miscibility. Us 
oxygen exchange, Us 
soil, bacterial breakdown, 307 
systems, diffusion in. Us 
tc feSilivatrs, infra-red spectra, In 
Silicate methylolmelamirn , wood ad- 
hesive, 3*:. 

Silicate materials, spectronietric 
analysis, 3 V 

Silicate products, landing materials, 
IT 

Silu ate r<>« ks, d< •termination of 
chlorine in. 1U 

Siln i» acid, chromatographic absorp- 
tion ( olumn, ‘2"s 
filtration of lipid mixtures, '27v 
Siliion, determination in bauxite, h 
• tf«M t «m stainless steel < racking, 
117 

in explosive delay compositions. 
Mol 

m polyamides, 304 
manufacture, 31 
polymer with aluminium, 3W 
pure, preparation, H i 
iiltra purc, l\K. production, IV 
Silicon « arbide, dispersed in silkon- 
nitride for turbine blades, lv 
isocyanate, 31 

monoxide, disproportionation, 31 
nitride, containing silicon carbide 
dispersion, for gas turbine 
blades, IV 

engineering material, develop- 
ment, 7u 
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Silicon carbide — continued 

material for electrical insulators, 

If) 

organic compounds. Ml 
pigments, 170 
sub-bromide, .'11 
tetrachloride, from alloys, 111 
production, 31 

letra-iodidr, zone-relining, 31 
Silicon rectifiers, for electrochemical 
industry, 13 

Silicones, as foam inhibitors, 393 
as tannages, 323 

effect on conductivity of glass, fib 
for leather treatments, 33** 
pigments, 421 

Silicone oils, processing of leather, 3*21 
Silicone resins, in lacquers, -l I* 
Silicotungstic acid, isolation, 33 
Silk, amino-acid conversion, tracer 
techniques, 33* 

elastic properties, amino-acid data, 

:ir»i 

,Y-rav analysis, 3*12 
Silk fibroins, amino-arid*, 3* .2 
biosynthesis study with f u , 33* 
structure, 302 | 

Silk-worms, components of redysis | 

skin wax, 21*7 

Sillimanite, formation from clay, »< 1 
Silver, estimation on mirrors, 31* 
self-diffusion rates, in crystals, 1*1* 
traces, in rocks, x 
Silver alloys, Heusler, 1 1 1 

with indium and cadmium. 127 
with lead, anodes for cathodic pro- 
tection, 11*1 

Silver catalysts. f«»r methanol oxida- 
tion, 137 

Silver halide, colloidal photographic 
emulsions, 177 

photographic dispersions, fs2 
halides, effect of gelatin, 181 
nitrate, flotation of copper. Si* 
formation. 31 
titration of MH l , 31*. 
nilrnrvanatnidr. 2MS 
Sinaxar (Set 2-lfydroxY-2-ph< nyb 
ethyl carbamate). 237 
Sinks, of acrylic sheet. 3*1 
Sintering, *1» 

heat transfer process. 71 
mechanism of, fid 
of alumina and magnesia, 09 
of quartz crystals, 09 
SitosterT)!, recovery from vegetabk 
oils, 273 

Sizing, in paper dryer and calender- 
ing, 33t) 


SKI '.385, (See /mw5-2-Phenylcycfo- 
propyi amine hydrochloride), 238 
Skina, animal, curing and fungicides, 
321, 330 

components, and collagen chemis- 
try, 320 

contamination by toxic chemicals, 
584 

Kenya, attack by pests, 321 
processing to leather, 321 
toxicology of ethylene glycol di- 
nitrate, 132 

Slag, from sulphide ore-zinc oxide 
process, 21 

pliosphatic, constituents, 80 
Smelting, flash, applications, 80 
processes, 80 
furnace methods, 80 
Smoke, and equipment, fish curing, 
510 

wood, chemistry and properties, 510 
Smoke Curing Conference, 51 0 
Smoke producers, and generators, 510 
Soap, flotation of iron ore, 73 
foam data, 591 

production from animal glues, pro- 
tein hydrolysates, 32G 
resin, addition to sand-lime, 48 
Soap solution, resistance of leather to, 
324 

Soapstock, moisture content, 271 
recovery of fatty acids, 275 
Soda, calcined, from sodium bicarbon- 
ate, 27 

caustic, world production trends, 
13 

separation from potassium carbon- 
I ate, 27 

Solvav process, 27 

Soda ash, conversion to caustic soda, 


from trona, 27 

improvement of cottonseed, 2G9 
in salt, curing of hides, 321 
refining. 272 

Sodium fixation in salt-affected sons, 


i r/ . . 

foliar absorption, sprinkler irriga- 
tion, IV.fi 

for turnips and kale, 450 
in glass, 30, 00 
polymers, 409 

reaction with titanium tetrachlor- 


ide. 82 

eduction of zirconium, 91 
oil, and labile phosphate relation- 
ships, 145 


for, fi3 
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Sodium abietate a laminate. size pre- 
cipitates, :ir»g 

antimony gluconate, (or schisto- 
somiasis. glo 

benzoate, inhibition of steel rust- 
ing. 1 1-1 

bicarbonate, effect on leather. dg 1 
leaching of alumina, bit 
I'.S.A. output, ami synthetic 
processes, 1 l 

bisulphite, pulp digestion. JWli 
boivhytlride, reduetant for ihior«* 
organo compounds, I 
carbonate. by aintmmia >oda pr<* 

ivivviTv from sodium sulphate. 

treatment of uranium, 77 
I’.S.A. output, from natural d« - 

posits. | | 

. urb< 'Wiuethy 1c olluiose, photogra- 
phy. i-v* 

>:cllul(..se sulphate. jiepti-er for 
pilot ographv, IM 

- lil« rate. in pulp and paper bli a» b- 

mg. 17>, ;U‘.< 

- blonde. caking reduct inn. gr. 

corrosifii oi /in. . fgo 

heat absorption by, I l 
produ* tern and um-s. •'* 
purification of brims. go 
retarding autoxidati«<n. g **7 
< i t i « i r 1 1 * - . as tannage. ;sg f 
in pulping, l-i 

■urate or pho>ph<it< . udi drwn.. 
Ml 

evanide puritj' at ion, g7 
c. - g.i'i-dinvtl.* >Nvb- n/aimdui p* n;- 
■ illanate motsohvdraP . «MKI. 
[g l 1 . I .elbemil . gO*.» 
di'ili-at' . -\-mng '-f g<*ld and 
platinum, 7. t 

liuonde, for winter « o»- i* ting, h" 
tluon >sii tphonat'-', go 
hp-xametapho>phat« . tor struvit- 
suppression. .'»|g 

rivtlri '.vide, and mtr.it*-. 1 ■ *rn i>n >n ■ <i 
rmid st<-*-) .117 
( (dor-alkali industry, g»< 
from barvte and mirabiht* . g». 
purification, go 
world profile lion. 1 .1, g»i 
hypochlorite, as tannage, ,jg 1 
oxidiv-r in ferrite pigments, 1|s 
stabilisation with boric acid, 'll 
hypophosphite, g7 
laurel sulphate, purification, 0"* 
nitrite, effect on stainless >b el 
corrosion, 117 


Sodium, nitrate — nmtunud 

tish meal preservative, big 
free flowing pellets. g7 
ideate, foaming, jcSU 
prntachloropheiiate, fungicide for 
skins. :tgl 

peroxide, ill glass inciting praetiii , 

phosphate, !>ritish iwjKirts, lb 
effect on stainless steel corrosion. 

117 

scsquicarbonate, production meth- 
ods. g7 

silicate, stabilisation of sand cm 
bankui' iits, -IB 

-ulphate. attack on refractories. 

from >t a bitterns, g*» 
in manufacture of potassium 
sulphate, bg 

ivdiittion with hulrogen, gt< 
r*-\iew, gti 

«'(1:iiiii < arbonal' trom. giv 

>i:!phidt . lr<»m Indian bars tes. gi. 

in w production methods, go 
tcirajihcnvlbiuon, in potassium e\ 
i r.n t icii. f 17 

thioc arboiiates. In- and itthi-, gb 

thiosulphate. production, g»’> 
irip*d\ ph*»phat' , » on version ol 

iornis, gi « 

Soil. .u iduv. role of aluminium. 1 1 ‘ * 

adsorption irom borate solution 
J lo 

b* l),»Moijr in, of iiit arbonate and 
'trontium-.vi, lib 
■ d- mm phosphate bin tma. .*<*1 
t < llul -'C d« composition in, boo 
> h* Miut. Ktis-.ia. phosph.ite organ- 
1 sills, . »* >< i 

• :»ndition*-i !{'.* J 
in-id. mt rilii ation stud), lib 
mineralisation, in air-dried and 
held-moist samples, ITf 
mtrogi n-supplv ing po\\«r as -ass 
in* nt . 1 1.» 

nut n*nt ;u ai lain lit \ . tig 
organic a< id bal.mce and mu robiaf 
.1* t i \ lt\ . | |g 

organii fra« turn, ditt'-n nt ml ther- 
mal analv as. I lg 

otgani* matter, from bal litter. Ml 
hvdroK sis products, -14-t 
v pa rat ion from mineral fra< tion, 

1 |g 

respiration under gluios# treat- 
ment II.’ 

sjtlt-atfe* t*-i|, sodium fixation in. 
I lb 
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Soil — -continued 

sampling and testing tor fertilise r 
use, -1 : »4 

sickness and organic substances re- 
leased from plants, 100 
stabilisation for roads, IS 
stiontiuni-90 fall-out and counter- 
action. 159 

testing, underground corrosion, 12* 
volcanic ash, under pasture, 4 Hi 
waterlogged, iron and Hu of, 41b 
Soil analysis, chromatographic separ- 
ation, of organic acids, 442 
solvent svstern for i upper, < :ohalt . 
nickel and /inc, 1 1* 
diftereiitial thermal, of organic 
matter, 442 

e\trat tants for amino-acids, 447 
extractions, methods for sulphur. 

1 17 

of potassium using sodium letrn- 

pheiivlboron, 447 

w jthuut tiltration, 1 17 
1 1 >r nir kel, |o 
for total carbon, 1 1s 
for zim in hydrocliloric a< id 
extracts, 11^ 

use of air-dried samples for car1*»n 
and nitrogen mineralisation. 414 
Soil bac teria, ammonia-oxidising. 
Australia, 505 

oxidising ammonia or nitrile, 559 
plate method for silicate break- 
down, At >7 

sill phat e- red in. i ng. S. •< i 
Soil bacterium, soil, utilisation ol 
amine .propanol, ;»r>7 
Soil tnii robiologv, 

Soil mic ro-organisms, actiiminyi eu - 
antibiotic s against, 507 
c -.ale turn-dissolving, 507 
counting methods, 55U, Ob'** 
decomposition of forest litters. 

56G 

isolation frotu root legumes, 
on pipe coat ings, 50 7 

phosphate-dissolving, 330. 500. 500 
production of organic m ills by. 

;»oi 

production o{ plant growth pro- 
moters, 502 

stimulation m rhi/o>phc re, 559 
Solids, hvdrugen-honded, rheology. 
;ir*u 

mechanic . l 1 1 iv.it ment, 09 
Solid solutions, phase* tr.uistor illa- 
tions, l H 

Solid state, strm lure, new knowledge, 

02 


m 

Solvents, extraction, allocating of, 
578 

from meals, 208, 209 
for fish flour preparation, A 13 
lacquer, solubility in water, 435 
petrol, elimination from, natural 
products, 270 

in oils, chromatography, 208 
phase equilibria, 434 
polyols, industrial applications, 434 
residual, in extracted meals, 208 
Sorbic acid, effect on fats, 280 
permitted food uses, 480 
production from ketene and plant, 
130 

Surbitan in ortolan rate, foam inhi- 
bitor, 590 

Soyabeans, components, 230 
increased production, 207 
processing, 208, 209 
Soya-bean alcohols, preparation, 294 
Soya-bean meal, heat treatment, 270 
Soya-bran oil, as ruminant diet, 302 
for alkyd resins, 425 
for cattle bloat, 305 
hydrogenated, in calf diet, .304 
hydrogenation, 272 
methyl esters, flavour deterioration 
study, 280 

neutralisation, processing, 271 
oxidation stability, 280 
oxidised, toxicity, 290 
removal of green pigments, 275 
Sivabeau plants, effect of absorbed 
chelates on absorption and trans- 
location of iron, 404 
growth under symbiotic conditions 
with Jihi:obia effect of cobalt. 
401 

Space Age, Dictionary, 204 
Span-20, foam inhibitor, 59b 
Spectra, absorption, of benzidine 
dyes, 164 
of phenols, 155 
infra-red, of polymers, 409 
of tectosilieates, 10 
magnetic resonance, of chemicals, 
297 

Spectrograph, automatic recording, 
for alkali analysis, 56 
Spectroscopy, nuclear magnetic re- 
sonance. Ill 
of hydrogen in coal, 597 
Sphalerite, activation by copper 
salts, 72 

Spicgeleisen, formation, 79 
Spinel, structure of y-alumina, 03 
Spinning, of polymer fibres, 370 
Spiramycin, 532 
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Spiramycin — <onti n ued 
activity against liimetia tenella, -179 
control of amoebic colitis, ‘219 
-diphetansone, treatment of oxyuri- 
asis, 220 

Spirolactone, with DOC A properties. 

Spores, germination in milk, hOO 
milk sterilisation, thermal destruc- 
tion, 498, 199 

Sporidesmiittn baker i, components, 
'296 

Sprays, atomised, heat ami mass 
transfer, r»77 

Spruce hbres, and pulps, 99b, 991, 

Squid. spoilage test, 99* 

Stannate, stabiliser for hydrogen 
peroxide, *29 

Stannic oxide, treatment of smokeless 
powder, 196 

Stannous chloride, vulcanising com- 
pound, 319 

fluoride, in toothpastes. U.S.A.. l<> 

Staphyhx'occi, effect of penii illins on, 
2( (9 

Siapkvloco’iit.* /»vegi r«C', resistan. * t<» 
(‘elbenin. *2n9 

Starch, and glutaraldehyde. tanning 
materials, 92 m 
barky tlour, |s* 
derivatives, in fibre binding. 912 
rliaUlehyde, 

digestion by calves jTm 
for vegetable tanning, 922 
periodate oxidised, i iiiivi r>iMii pro- 
ducts, 919 

retention bv paper. 912, 919 
wheat, ctio.t of surfa< tants <-n 
swelling and gel properties, 1*9 

St» am. for sulphur terming. 21 

injection equipment, milk sterilisa- 
tion, 199 

Stearic a< id, chromatography, 
in animal fats, 299 
m depot fats. 9o2 
in grass, 29* 
in plasma lipids, :;u;: 

Stcarnljc acid, conversion to mvn>ti» 
acid, 291 

,V- Stearoy 1 sarc os i ne , sodium, fatty 
emulsifier, 27 1 

Sterulic acid, magnetic noonani f 
spectra, 297 

Stearvl esters, curing of polyester,, 

1 1 r, 

tartrate, use in f*x*K 4*7 

Steel, atmospheric corrosion. 1 29 
carlxjn, corrosion, JI9 


Steo 1 — cun tinmd 

carbon dioxide oxidation corrosion, 
1*27 

cavitation corrosion , 1 *29 
chromium, corrosion, 1 19 
electron microscopy, 117 
contamination study with calc- 
iuui-15, 69 

corrosion, 12U, 1*26. 129 
control by passivation, 1 14 
in building materials, 139 
in concrete, 139 
in evaporators, 126 
in sea- water, 1 26 
pitting, 129 

corrosion, inhibition, 1 11 
fatigue hardening, 94 
ferritic, corrosion, 128 
crack resistance, 117 
inhibition in neutral solution, 12b 
making, oxygen for, 7s 
mild, corrosion by bacteria. 1 14 
corrosion in caustic soda and 
nitrate. 117 
fatigue in. 94 

pipelines, resistance to Mllphlllli 
u< id, 2b 

preparation f*»r painting surfai i 

121 

protei tion bv (hromium nitkel, 
122 

protective coating-. for. 1 17 
rusty, painting l<>r protection. I go 
sab. vlate inhibition. 12b 
stainless, at id corm-don, 12b 

austenitic, as stria tural material , 
119 

corroumi, 12s 
intergranular. 129 
stress-, 116 . 127 
• orrosjoii < 'racking. eitei t of tra> * 
♦dements. 117 
i orrosion- resistant »*, 117 

effrf t of OXVgeH, chloride ,111*1 
sulphate ions. 121 
niobium stabilisation, J 17 
resistant r t*» « ra< king, 1 1 * ■ 
review of, 139 

t» nsile tests at high presMUev 1"(‘ 
w« ld->, > orrosion. 1 91 
Ste*d plates, oxidation in mol bn« k.-. 
79 

Stetd spheres, * i<fSioil by. 1*29 
Steers, fats and 1 1 pids of, ‘299 
Sternetil. (See I’ro* hlorpera/in* ), 23* 1 
Stelaznie, (See I rifluoperazine), 23n 
Sterilising pr»*.r«<» and equipment. 

milk, 49 m, 499 
Steroids, 2b I. *2bb, 296 



SUBJECT INDEX 


Steriods — continued I 

antifungal, antiandrogcnic, anti- 
cortisone properties, 253 1 

anti- inflammatory, 250, 255 
bismethylenedioxy, synthesis, 255 | 
lluorinated, reaction with per- 
chloryl fluoride, 255 
hormones, recent patents, 248 
hydrogenation, new synthesis, 25G 
IGa-hydroxy-, orthoesters, 255 
15- and l/a-hydroxvlation, 255 
1 7- Mo-, ethinylation, 250 
methyl, 255 

1 1 -oxygenated, new synthesis, 255 
preparation, 2 is 
therapy, for poisons, 5*1 
**ot- and 1 1 ff-thiocyanatu-, syn- 
thesis, 255 

.\ 4 -Ster«ids, 3-oxo-, reaction with 
tsocyanuric chloride, 25b 
Steroid, compounds, 255, 250 
Steroid onolacetates, catalytic hydro- 
genation, 250 

/. 1 *-<nolaeet;ites, r/$- hydration 

l.i' toenol ai ylates, 254 
phosphates. synthesis, 255 
pyrazolmes, 250 
Sterols, chromatography. 2*3 
determination, 22* 

Stills, equilibrium, for partially mis- 
cible systems, 57* 
hvpodermi' , for vapour liquids, 
;»78 

Stone, calcareous. corrosion of, 13n 
Storage, gas, ((’.A,!, and scrubber 
analysis. 503 

scrubbing with dry hydrated 
lime, 503 

without special stores, 5u3 
tif foods, toxicology, 3*3 
of fruit and vegetables. 5i»3 
Stores, gas, jacketed in Mylar. 5u3 
refrigerated for fruit. 3i)3 
StilbiLzolc systems, photosensitivity, 
isr, 

Stilbazolium polymers, photosensiti- 
vity, 1 8b 

Stillxnes, isomerisation. 135 
metallised disaro dyes, lbs 
Stilliene compounds. spectra and 
resonance energy, 13b 
Sfilbene 4,4'-dj<ari)onvl chloride, for 
cellulose dvestuffs intermediates, 
M7 

StillK*nt:-4,4'-dicarlH*\ylic arid, for- 
mation of val dyestutls. 1 7b 
Stiihyltriaznles, whitening com- 
pounds, 157 
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Strengite, graphs, phosphate activity 
in solution, 445 

Stre.ptimidone, new antibiotic, stud- 
ies, 219 

Streptococci, detection in water, milk 
and ice cream, 549 
faecal, antibiotics for poultry, 476 
detection in water, 545 
Streptomycin, 532 
chemotherapy of tuberculosis, 211 
microbiological oxidation, 212 
neuromuscular effects, 221 
treatment of urethritis, 210 
Streptovitacins, isolation, properties, 
218 

Strontia, systems with baria-titania 
68 

calcia-titania, 68 

Strontium, analysis in natural water, 
10 

immobility in plants, 459 
materials survey, 10, 33 
traces, in rocks, 8 
Strontium-85, in soils, 449 
Strontium-90, accumulation by 
plants, 459 

decontamination bv calcare- 
ous fertilisers, 459 
in foodstuffs, international varia- 
tions, 486 

occurrence in grain and flour, 485 
Strontium salts, production from 
cole stine, G 

Struvite formation, suppression of. 

Strychnine, quarternary ammonium 
derivatives, 221 
stimulants, 239 

Strvchnine-.V-oxide, quaternary am- 
monium derivatives, 221 
Strvchnos sp., curare-like alkaloids, 
221 

Styramate (See 2-Hy droxy-2-ph enyl - 
ethyl carbamate), 237 
Styrenes, 469 
copolymers, 179 

with acrylic monomers, 406 
with methyl methacrylate, 380 
determination in SBR, 317 
living polymers, 404 
nitro-, 409 

polvmers, and copolymers, patents, 
'411,412 

production, 401, 411 
with antistatics, 41 1 
polymerisable, 430 
polymerisation, 402 

in polvbntadicne latex, 405 
reaction with drying oils, 415, 425 
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Styrenes — continue d 
silico-, 409 

water-soluble polymers as sizes, 
403 

Styrene-butadiene, photographic 
polymers, 186 
recent studies, 314 

StyTenesulphonate, sodium, nylon 
improver. 30-1 

Succinaidehvde, as tannage, 324 
Succinic acid mono- Jj-dimethylamino- 
ethyl dime t Modules, muscle re- 
laxant s. 223 

Succinic acids, glyceride esters, 293 
Succinic anhydride, ac relates, 390 
Succinic dehydrogenase, respiration- 
deficient Saecharomyces ratlsberger- 
gemis, 523 

Succuiylbisfsulphocholinol , antagon- 
isation, 226 

Suction formation, 3.30 
Sugar, and soil phosphate solubility, 
566 

Sugars, effects in gluten. l>9 
Sugar industry, corrosion, 12* 
Sulfuno, new sulphonamide. 21<i 
Sulphadiazine, antioxoplasmic action 
of, 220 

Sulphadimethoxine {Madrihnnj. ab- 
sorption of, 210 
Suiphadimidine, activity. 21u 
comparative anticoccidials. 17* 
Sulphafurazole, for pulmonary tulx-r- 
culosis, 219 

Sulphamethoxaiole (See 2-Sulphanil- 
arrudo-S-methylisoxazole), 21 1 
Sulphamethoxvpvridazine, activity 
of, 210 

Ledcrkyn, Kynex, 2 1 6 
Sulphamidine, protein binding m 
rabbits, 210 

5-Sulphanilamido-3-m<thyUsotliuizole, 

antibacterial, 210 

2-Sulphanilamidr>-5-methyli>oxazol«- 
(Sulphisomesolei, 21 1 
2-Su Iphani lamido-5-mfthy! pyrimidine 
(Pallidm), 2lo 

Sulphaphenczole, activity of, 210 
Sulphaquinoxaline, comparative anti- 
coccidials, 478 

efficiencies against Ex menu, 179 
Sulphasomizole, new antibacterial 
sulphonamides, 210 
Sulphate, effect on topper retention 
in sheep, 172 
on glass melting, 39 
reduction by ba< teria. 330 
resistance of cements, 37 
soil, effect of growing plants, 419 


Sulphenamide, with sulphur, vul- 
canisation mechanisms, 314 
vulcanisation of NBR, 316 
Sulphide ores, fluidised bed roasting, 

furnace for, 89 

oxidation and copper recovery, 70 
production of zinc oxide from, 21 
Sulphisomezole (5Vc2-Sulphanilamido- 
5-methylisoxazolc), 21 1 
Sulphite, paper pulping, 335 
dt'Sulphobenzaldchydc acelal, poly- 
mers for til ms, 180 
x-Sulpholauric acid, anionic separa- 
tions, 389 

Sulphonainide, and pyrimethamine 
for caecal cnccidiosis, 179 
Sulphonamides, bacterial action, 2h* 
c»Kcidiosiatic < ttieacy of, 220 
effect mi tubocurarin*-, 226 
new compounds, 210 
plasma- protein binding, 210 
review, 2 In 

e - Sulphonamiilo -o' - hydro x ya / < 
copper * oinph-x, 163 
Sulphonation, automatic plant. 11 1 
of xvlene and ethylbenzene, 119 
3-Suphones-halide -copper, initiators. 

3*3 

Sul photic therapy, for leprosy, 212 
2-Sulphanilainido 4 . 3- ditnet li vi 
oxazoh* i>>*- Sulfuno), 210 
Sulphoninunc.K|uinone- 1.1- dia/.id< <, 
photographic sensmser, 187 
•M -Sulphonyldibenzou a« id. jx>i\- 
esters, 17h 

Sulphur, atmospheric pollution, 12n 
beds, exploitation m lraij, 12 
combination with rubber, 31 1 
deposits, underground develop- 
ment, 24 
derivatives, 297 
from calcium sulphate, 24 
from gases, 24 
insoluble, 24 
in polyamides, 36 1 
in wool, 334 
manual, 2 I 

molten, -hipping in ocean going 
vessels, 12 

organic, determination in utility 
gases. 601 

production from native ores. \ l 
pure. Stretford process, 12 
radioactive, in vulcanisation prob- 
lems, 311 

reaction with ob-fms, 310 
recovery from ores, 23 
separation from gas piirile’fs, 21 
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Sulphur — continued 
soil, determination of, extractions 
correlation with plant uptake 
147 

sulphate and reserve, deter- 
mination of, 447 

world output, supplies and con- 
sumption, 11, 24 

Sulphur compounds, estimation in 
proteins, 351 

Sulphur dioxide, effect on rubber 
latex, 30b 

for sulphuric acid industry, 13 
from pyrites, 25 
ill hue gases, 7b 
in paper-pulping, 33b 
m smelter gases, Js 
liquid, production and marketing, 
12 

Sulphur hexafluorides, 2* 

monochloride, vulcanisation of rub- 
ber, 312 

nitride, polymers, 399 

oxides, determination in Hue gases, 

10 

from ammonium sulphate, 2b 
oxyfluorides, 28 

tetrafluoride, as fluorinating com- 
pound, 2* 

commercial availability as fluori- 
nating compound. If* 
trioxide, formation of. 13 
liquid, stabilised. 2b 
reaction with hvdrngen cyanide, 
30 

stabilisation patents, 2b 
Sulphuric acid, by ozone oxi<lation of 
pyrite, 2b 

concent ration of, 2b 
contact process and plant. 21 
corrosion rate in steel pipelines, 2b 
h»g, sonic agglomeration. 2b 
from ammonium sulphate, 24 
from pyrites, 24 
from sulphur dioxide. 13 
liquids, concentration, 2b 
mM, removal, 2b 
operations in iron reactors, 2.' 
production, and marketing, 12 
process's, 24 
raw materials for, 2 1 
recoveries of, 2b 

standards for lead-acid batteries, 

treatment of zinc sulphide, 70 
Sulphury! fluoride, from thionyl 
tetraftuoride, 2S 

/>vroSulphiiryl. fluoride, pyrolysis to 
sulphur oxvlhioride, 2S 


Sumitomo process, of coal gasifica- 
tion, 599 

Sumstar, photographic hardener, 183 
Sunflower seeds, estimation of oil 
content, 270 

Sunspots, related to microbiological 
corrosion, 128 

Supersonics, effect on corrosion, 131 
Supratonator, papermaking equip- 
ment, 337 

Suramin, sensitivity of trypanosomes 
to, 480 

Surfaces, heated, film corrosion, 131 
Surface tension, of liquid films, 
mathematics, 592 

Surfactants, adsorption on gvpsum, 
43 

a £S rc g a tion of bacteria, 550 
anionic, bacterial decomposition, 
567 

prevention of caking, 29 
Suspension compound, 394 
Suxaethonium, action on muscle, 224 
Suxamethonium, action on enzymes, 
223 

antagonism by carbon dioxide, 22G 
clinical studies, 225, 227 
effect of germanin on, 226 
svnergism with chlorpromazine, 
225 

Swimming pools, algicides as bacteri- 
cides, 549 

bacterial concentrations, 542 
virus detection, 548 
Svnaptic transmission, mechanism, 
232 

pharmacology, 232 
Svntetrin { See V- Pyrrol idi no methyl- 
tetracycline), 218 


T 

Tacaryl (See Methdilazine), 236 
Tacnnite concentrates, sintering, 74 
pellets, in smelting, 74 
Talbutol {See 5-Allyl-5-s-butyl-bar- 
bituric acid), 234 

Tail-oil, emulsions, iron concentrate 
recovery, 73 

as raw material, 127. 428 
Tallow, in animal diet, 300, 303 
solvent fractionation of, 274 
spraying of pastures, 3(K> 
treatment of cattle bloat, 30 o 
Tanks, refrigerated, farm milk, 4% 
transportation, for liquid fluorine, 
16 
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Tankers, road and rail, for ammonium 
nitrate, 449 

Tannages, chrome-alum, for collagen, 

:m 

shrinkage temperature criteria, 327 
vegetable materials, 322 
Tannic acid, dyestuffs compound, 174 
pigments, 424 

Tannins, condensed, biochemistry of, 
322 

fixation, 323 
hvdrolysable, 322 
in brewing, 53 1 

molecular weight related to diffu- 
sion, 323 

relation to chromium oxide, in 
leather. 326 

Tanning, analysis. 326, 330 
chrome, 330 

of skins with sumac, gambier. 325 
pretreatments, 330 
vegetable, 330 
with zirconium. 320 
Tanning liquors, recovery of chro- 
mium from, 326 
Tantalum, and niobium, 112 
carbide phases. 1 12 
< arbonitndes, 112 
corrosion, in body fluids. 127 
ductility, 92 

for structural purposes, 102 
induced radioactivity. '.5 
oxidation tests and oxide films, 1 1 3 
production metallurgy, 5 
pure, production of, >4. 103 
separations, 0. 7* 
systems with rhenium, 1 12 
traces, in rocks, * 

Tantalum alloys, behaviour, Jo3 
for rocket motors, l "2 
with niobium, 1 12 

Tantalum chloride, separation from 
niobium chloride , 34 
pentoxide, addition to glas>, 55 
Tar, i oal-, anti-corrosion coatings. 

115 

road, oxidation and weathering, 49 
wood, waterproofing of soil, 19 
Taractan [Sfr a-2-<hlorodM.V- 
dimethylaminopropylnl»ne| thin • 
xanthrn;, 237 

Taxilan (See Prrazinj. 236 , 

TEA, neuromuscular effects, 226 < 
(See aJ<o Tctraethylammonium) 
TEAE (See Triethyiaminoethybellu* 
los/') 

Teopol, foam stability, 596 
Telephones, of acrylic mouldings, 
381 


Television set guards, of acrylic sheet, 
381 

Tellurites, steel inhibitors, 125 
Tellurium, addition to zircaloy, 119 
Tellurium methvloctyldithioearbam- 
ate, treatment of butyl products, 
315 

Temperature, high, effect on pig- 
ments, 423 

for mineral cleaning, 72 
Terbium, by fluoride reduction, 85 
Terephthalie acid, production, and 
quality, 373 

methods and starting materials, 
135. 136. Ill, 373 
Russian preparation, 372 
Terylene, azoic dyes for, 165 
structure, 17s 

Testing, ami inspection, refractories, 
7n 

apparatus and methods, paper- 
making, 35 m 

of nuclear raw materials, 117 
Testosterone, derivatives, 251 
new svnthesis, 256 
Testosterone propionate, effect on 
ft bro • ode no ma , 2 * >2 
Tetrabenazine, {See 3-Isobutvl- 
1 ,2,3, l.0.7-hexahydro-9, lll-di-, 
inethoxv-2-o\ol>cnz-(a)-quinoliziiie) 
237 

Tctr.ibutvl-ainmonium hydroxide, r«- 
agent for 1 >NT TNT, 2Mb 
Tetracarlxi xv naphthalene, vat dves, 
172 

Tetrat hlorodifluoroethane, control of 
flukes. 215. 47* 

Tetrachlonwlhvlenr. treatment of 
hookworm, 215 

2,4,7,M-Tetrachloroquinazolini\ link- 
ing dyestuffs, 1 7u 

Tetrat vdine, neuromusc ular etiet ts, 

veterinary uses, 476 
Tetracyclines, m fish canning, 51 1 
Tetraethylamnionium (TEA), effect 
un animals, 222 

Tetraethylthiuram distil phi tie 
(TKTI>), vulcanisation of rubber, 
311 

Tetratluornbydrazine, as rocket pro- 
pellant, formation of. 1H 
Tetrahyilro-aminat rin, antagonism of 
tnl>*M urarine, 226 
antidote for psychoses, 239 

1 .2.3.4- Trtrahydro-f»-aminoacridone, 

anti«lote for psychoses. 239 

1 .2.3. 4- Trtrahydrorarbazolos, im- 
proved preparation, 151 
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Tctrahydrofuran, in isoprene poly- 
merisation, 309 

Tetrahydro-p-naphthylamine, effect 
on tubocurarinc action, 226 
1,5/1 .b'-Tetrahydroxy^/J'-azonaph- 
thaiene-V.T'-Uisulphonic acid, tri- 
sazo dystuffs, 165 

Tetra (hydroxypropyl) cthylencdi- 
amino, stabiliser for styrene poly- 
mers, 405 

.VW.V'JV'-Tetra- (2- hydroxypropyl) - 
ethylencdiamine, antistatic for poly- 
styrene, 403 

Tctrahydroxy triphenyl methanes, 
from Catechol, 174 
1 ,2,3 1 4-Tc‘tramethoxy-* r »-methyl-G'[3- 
methyl-but-2-enylen.eAfs- (3-methyl- 
but -‘i- eny leoe)]benzene , prepara- 
tion, 157 

Tetraniethyldiaminopropanol, 
weathering improver for styrene, 

m 

Trtramethylthiuram disulphide 
(TMTD), protection of rubber, 312 
IVtranitromethane, fuel oxidants, 199 
Tetraplienylboron, reagent for potas- 
sium in glass, 59 

TetTaphcnylcyclopentadieno, forma- 
tion. 150 

Tet r aphony Ithiophen, preparation. 

150 

Tetrazoles. formation of, Jo7 

trodotoxin, paralysing poison from 
glol>e fish, 222 
Tetrvl, formation of, 2<iO 

study of explosive conditions, 2»>7 
Textiles, colour measurements. b>9 
non-woven. binders for, 389, 392 
n-sins for, complex amino, 384 
epoxy. 387 

melamine blends, 38<> 
sizes, 394 

ultra violet absorbers. 159 
whiteness, measurement by lluon- 
inetrv. 156 

Textile finishes, resins. 379. 392 

amino-, copper-modified, 3*0. 383 
Thallium, in glass production. 53 
preparation Inmi fluoride's . 8<> 
traces, in rocks, 8 

Thallium sulphate, 34 . 

Tlu'ophvlIine.dialkylaniimuilKyl deri- 
vatives. stimulauts, 233 
Therapeutics, biotransforinations. 

toxiritv. 21* .. , 

Therapeutic index, ol pharmaceutical 
substances. 238 

Thermite reaction, production o! 
cermets, 63 
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Thermocouples, for high temperature 
use, 59 

Thermoplastics, of U.F. moulding 
powders, 387 

Thermosetting materials, sales, 377 
Thiadiazoles, 1,2,4- and 1,3,4-, re- 
activity, 152 

Thiamine, neuromuscular effects, 

221 

reversible inhibition of amprolium, 

214 

Thiamine disulphide, antagonism of 
suxamethonium, 226 
a-3-Thiamorpholinylbenzhydrol , syn- 
thesis of dl, d- and 1-, 238 
Thiazoles, antibacterials, 219 
Thiazolid-2,5-dione, effect on wool 
fibres, 357 

Thiazoline, quaternary salts, coup- 
ling, 168 

I -( 1 ,2'-Thi‘enylcyclohexyl)piperidine p 
intravenous anaesthetic, 233 
2-Thienvlmethyl 2-imidazolinyl sul- 
phide hydrochloride, treatment of 
Sematospiroides dubius, 215 
Thiobarbiturates, short acting intra- 
venous anaesthetic, 233 
Thiobarbituric acid, reagent for fat 
autoxidation, 286 

Thiobarbituric acids, new synthesis, 
234 

4,4'-Thiobis-(3-methyl-6- J-butyl)- 
phenol, antioxidant, 429 
Thioctic acid, in flour doughs, 486 
Thioglycollate, alkaline, estimation 
of wool damage, 350 
I Thiokol (C-12), propellant binders, 
205 

Thiol acids, effect on rubber latex, 
309 , . , 

Thionvl tetrafluoride, production of 
sulphur fluorides, 28 
Thiopentone, anaesthetic, 233 
side chain variations, 233 
Thiopben, determination in hydro- 
carbons, 435 

Thiopropazate (Dartal), pharmacol- 
ogv, 236 

Thioridazine (Melleril) preparation, 

tranquilliser. -23d 
Thiostrepton, new antibiotic, -18 
Thiourea, and M.F. moulding com- 
positions, 389 

products for paper filler 386 
Thioxantliens, study of, 237 
Thioxanthen-S-oxides, study of, -37 ( 
Thiuram vulcanisates, 'sulphurless , 

312 

vulcanisation process, Jt l 



768 SUBJECT 

Thiu ram disulphide, acetone separa- 
tion, 313 

disulphides, determination in fats, 
*284 

Thoria, aqueous, in pumping, 579 
in uranium ore effluent, 77 
Thorium, adsorption on cellulose 
phosphate. 78 
crude, electro-refining. 83 
determination in ores, 10 
production from oxide, 83 
recover)* of, 5, 77 

Thorium alloys, constitutional dia- 
grams, 1 1 ‘2 

Threonine, in wool, 356 

migration of acyl group, 3*21 
Thvrortopins. purification of, *263 
L-Thyroxine, sodium, etfect on deca- 
methonium activity, 2*26 
TIBA, foliar sprays for increased iron 
and calcium mobility. 463 
Tin, additives for vanadium oxide 
catalysts, 135 
alkaline corrosion. 1.6 
and tinplate corrosion. 13u 
anodic processes, I ’24 
in aluminium, 130 
in polymers. 399 
passivity. 1*24 
pure, preparation, 84 
reduction of molvixlrnitr, 91 
Tin chloride fluorides, 35 

dibutyl laurat**. stabiliser for naph- 
thvlaminc. 145 

Tin organic compounds, pigments, 

1 76 

Tin protein, photographic sensitiscr, 
183 

J ineola bissfUielta, reductases in, 361 
Tissue culture, large-scale, 551 
size of, 556 

Tissues, human adipose, components, 
296 

percutaneous toxicity, 581 
Titanates, alkaline earth, 34 
Titanium, acid corrosion, 1*25 

additives, for vanadium oxide 
catalysts, 135 
alloy improver, 103, 104 
corrosion, pitting, 129 

corrosion-resistance, 117 

creep strength, effect of hvdrogen, 

111 

demand for, 5 

electrodes, platinised, for brine 
electrolysis, 13 
electrolytic refining, M3 
explosive forming, 1 1 1 
from ilmenite and rutile, 82 
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Titanium — continued 
in polymers, 399 
metallurgy, 91 
production, 83 
pure, preparation, 84 
review of corrosion, 130 
separation, 78 
sponge, production, 91 
Titanium carbide, cermets, 63 
formation in alloys, 106 
compounds, trivalout, oxidation nf, 
34 

diboride, formation of, 63 
dioxide, chlorine process, 423 
grinding of alkyds, 4*20 
industry, sulphuric acid use, 12 
paint pigment systems, 419 
pigment, lacquers, 432 
requirements, fj 
separation from ilmenite, 31 
systems with baria, strontia and 
calcia, 6s 

oxide, mixed catalyst for photo- 
graphic polymers, 1 88 
oxides, impurities in gibhsile 
minerals, 3 
lower, 34 
phosphides, 31 

tetrachloride, effect on rubber 
latex, 3ii9 

manufacture in fluidised bed, 34 
in furnace', 8‘2 
sodium reduction, 8*2 
with .aluminium tn-isobutyl. 
polymerisation of butadiene, 
314 

trafluonde, anhydrous, produc - 
tion, 34 

..ichloride, formation. 34 
vanadate, oxidation catalyst, 115 
TMTD, ageing of stocks, 312 
autocatalytK degradation. 315 
TNT, explosives, 193 

mixtures with water, 206 
molten, detonation sensitivity, 21)1) 
production from toluene, 199 
TNT KI>X, explosive mixtures, * 2**11 
Tobarco, uptake of nitrogen from 
two soils, 445 

Tobacco crops, use of ethylene di- 
brotnide for, 16 

Tobcrrnorite, conversion to xonotlite, 
48 

in silicate bonding materials, 47 
properties, morphology, 4H 
IVirols, fate in flour anil bread pro- 
f essing. 4 m5 

5 methyl- and 5, 7-dimethyl-, non- 
identity with tocopherol*. ‘288 
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Iocophero), action mechanism 288 
a-Tocopherol and selenium,’ pro- 
tection against muscular dystrophy, 
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471 

^-Tocopherol, structure, 288 
Tocophcrols, from refined oils, 275, 

in foods, chromatography, 288 
recovery from oils, 275 
structure, antioxidant action and 
analysis, 288 

Tofranil (See .Y-(3-Dimethylamino- 
propylj-iminodibenzyl), 238 
Toluene, alkylation, 143 
conversion to benzaldehyde, 155 
nitration of, 144 
oxidation to phenol, 140 
terephthalic at id from, 136, 373 
/'-Toluenrsiilphinie acid-diinethvl- 
aniline oxygen, polymerisation 
initiator, 382 

roluenesulphonamide, for paper im- 
pregnation, 386 

Toluene w-sulphoni< acid, determina- 
tion in isomers, 14-1 
p-Tolurnesulphonylacetic acid, poly- 
merisation initiator, 382 
I oluic acid, purification of tereph- 
thalic acid, 373 

/>- 1 oluic acid, chlorination, 373 
Toluylencdiamines, 142, 144, 155 
/’-Toly! methyl su I phone- diinethyi- 
ani line-oxygen, polymerisation ini- 
tiator, 382 

Inmatoes, nutrient translocation, 
tracer study. 5i >5 

Tomato plants, foliar TIUA spravs, 
463 

in water culture, molybdenum- 
manganese -iron antagonism, 462 
lools, for deforming of metal, 101 
for heat exchangers, 579 
plancinakers*. 1 ! 1 

I (Kith pastes, use of stannous fluoride 
for, U.S.A., 16 

I * isvlchloroamide, treatment of pulps, 

Ioxir. chemicals, and precautionary 
measures, 5S4 

loxicity, chronic, ami treatments, 
bread additives. 485 
of chemicals, Min. of Ag. Fish and 
Food, regulations, 583 
1 oxiferine-l, clinical uses, 22( > 

I 1’.21 (See Thioridazine), 236 
I K 495 (See 2-Methyl-3-«i-tolyl--l- 
(3H)-quiiiazo]one), 235 
I ranquillisers, new phcnothiazines, 
235 


ransaminascs, in wheat grain, 489 
Transport of foods, refrigerated, 504 
1 ran ylcypromiTie ( See fra«.t-2-Phenvl~ 
cyclopropylamine hydrochloride), 

Trees, deciduous and coniferous, 
litter decomposition, 441 
3 rcscatyl (See a-Ethylisonicotinic 
thioamide) 

Tnalkyl-l-alkylaminoanthraquinone- 
b(or 7)-yl-sulphonamidoalkyl- 

ammonium salts, disperse dyes, 170 
Inalky) phosphate, polymer complex 
with boron trichloride, 399 

Trialkyl-9,10-phosphonostearates. 

new plasticisers, 426 
Trial ly] cyanurate, copolymer with 
methacrylates, 380 
Tr j a, ky lal u miniums, production of, 

Triamiconlone, 16a,17a-cyclic ortho- 
esters, 255 

Ga-fluorinated derivative, prepara- 
tion, 251 

(prednisolone) syiatliesis, 255 
s-Triazine,2-chloro-4,6-bisethyl- 

amino-, selective herbicide, 50 
Triazine compounds, for crease- 
proofing, 386 

Triazine-formaldehyde, resins, for 
surface coating, 385 
Triazine resins, developments and 
uses, 385 

Triazinvlstilbenes, derivatives, as 
fluorescent brightening compounds, 

1 56 

Tribu ty lamine-3 - me t hy 1 - 2 - butano ne , 
solvent separation of rare earths, 
78 

Tributyl boron, initiator, 383 
Tributyl phosphate, foam inhibitors, 
596 

purification of ceria, 78 
separation of thorium, 77 
Trichloroacetic acid-dimethvlaniline 
initiators, 383 

Trichloroethylene, as paint thinner, 
436 

Trie hlorosi lane, production of, 31 
Trichomonas vaginalis, infections, 
treatment of, 214, 219 
Trichomoniasis, treatment by ars- 
thinol, 219 

Triclmstrongvles, control on sheep, 
478 

Trichostrongyloidea, tests of Dowco 
105 against, 478 

I'richostrongylus spp., phenothiazine 
efficiency, 477 
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r 'richosirongyl u-s — co ntinued 
axei, in sheep, anthelmintic control, 
220 

1 , l,3-Tricyano-2-amino-3-arylimino- 
propanes, various colours, 175 
Triethyltin oxide, coatings, 115 
Trifluoperazine, preparation, tran- 
quillisers, 236 

Tri du promazine (Vesprin), pharma- 
cology, 230 

Triglycerides, addition to feeds, 3th) 
iodinated, feeding to cows, 200 
synthetic, infra-red spectrograph}’, 

* 280 

Tribal ogenopvriniidyl dyes, hetero- 
cyclic systems, 16-1 
Trihydrortuoroalcohols. preparation 
of. 130 

3.4.5- Trihydroxybutyrophenone, beer 
stabiliser, 524 

Trilafon (See Perphenazine}, 230 
Trimeglamide (See 3,4,5- T rimethoxy- 
benzovlgl vcine-.Y.V-diethylamide 1 . 
235 

Trimetaphan camphorsulphonate. 
neuromuscular erects, 220 

3.4.5- Trimethoxyl* nzoylglycine-.Y.Y- 
dieth vlarmd <• £ T n meglamuh i . 
hypnotic. 235 

.V -(3,4, 5 - Trimethox y benzoyl 1 t et ra- 
il ydro- 1.4 -oxazin«* (Trioxan). new 
hypnotic, 235 

Trimethylbenz*-n»’. combination with 
isomers. -130 

Tri met h virion- l-vl phosphate, separa- 
tion sohvnt f^r thorium, 77 
Trimeth viol propane alkyds, 418 
2,2, l -TrimetKylpentane*l,3-diol, new 

.solvents. t3t 

Trimethylsulphonium. eli« « t on »in'- 
c i n vl r ' - ' su 1 phcy hoi t n< - ; , 220 
Trinitrobeii/.ene, complexes with 
••than- jlarnin**, amine*., anthra* -m-, 
diazonv thane, 2 *j 7 
Trinit r'K-thylurea explosives. 100 
2 , 1,0-Trinitrotoluene, infra-red. deter- 
mination, 135 

Triostam (See Sodium antimony 
gluconate), 215 

Trioxan (See .V-f3,l.5-Trimethoxy- 
beri/.oyli t*-t rah ydro- 1 . t-oxazinr). 

Trioxodizir 1 orsium hydroxy halides. 
33 

Tripalrmtin, of modified fats, 273 
Triphenylmethane dyestuffs, effect on 
tu born ramie, 223 

Tri»(mtromethyI)propene. prepara- 
tion, 204 


Tris(nonylated phenyl > phosphite, 
stabiliser for SBR rubber, 312 
Tristearin, composition of fatty acids, 
273 

Trolene, anthelmintics, 220 
Trona, production of soda ash, 27 
Truxol (See *-2-Chloro-9-(3'-dimcthyl* 
aminopropvlidenejthioxanthen), 
237 

Trypan blue, complexes with tubo- 
curarine, 223 

Trypan red, complexes with tubo- 
curarine, 225 

Trypanosoma spp., activity of meta- 
midium chloride suramin 
and antrycide against, 480 
antibody-resistant and 
-sensitive strains, 480 
gatnbiettse, treatment with nitro- 
furazone, 213 

rhodetiewe, treatment with nitro- 
furazone, 213 

Trypanosomiasis, treatment with pro- 
thidium, 213 

Trvptoplian, in wools, 300 
Tuazole [See 2-Methyl-3-o-tolvl-4- 
i.311 i-quinazolone), 234. 235 
Tuazolone (See 2-Methyl-3-o-tolyl-4- 
!3H -quinazolone), 234 
Tubes, explosive forming, 1 1 I 
Tube rolling, improved, for heat 
exchangers, 373 
Tubercle ba< illi, in sewage, 551 
Tuberculosis, drugs for, 21 1 

pulmonary, drug treatment, 219 
kanannvin and sulphafurazole 
treatment, 219 

treatment bv ‘standard chemo- 
therapy’ , 21 I 

Till**, urarine, net ion on muscle, 223 
antagonism of suxamethonium, 
22i*. 

complexes with triphenylmethane 
dyestuffs, 223 

synergism with rhtorprnmazinr, 
toxi. ity, 221 

Tumours, detection in rats and mice, 

5-^6 1 

Tuna, canned, off-colour in, and in 
rans, M 1 

Tung oil, Chinese, surfa.e coating-*. 
427 

curing of polyesters, 113 
new prod u< ts, 12* 
reactions, 294 
use in resin industry, 424 
varnish technique. 429 
Tungsten, alloying with rhenium, 1 1 
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Tungsten — continued 
and molybdenum, 112 
anodic processes, 1 24 
brittleness, 104 
crystal strength, 104 
ductility, 92 
electrical resistivity, 107 
electrodeposition from solutions, 84 
geochemistry, in Uganda rocks, 10 
improvement of alloys, J03 
in sheet form, 102 
oxidation tests, 1 13 
potential uses, 5, 
pure, preparation, 84 

resistance to pressure, 10.'» 
recrystallisation temperature, 105 
structural defects, electronics, 92 
system with hafnium, constitution, 
112 

transmission electron microscopy, | 
104 

Tungsten alloys, f«»r rocket motors, 
102 

high melting point. 112 
with iron, shrinkage, 100 
Tungsten hexafluor.de, hydrogen re- 
duction, 85 

Tungsten ores, world reserves, distri- 
bution, r« 

Tungstic anhydiidi . from scheelite 
concentrates, 35 
Turbines, gas, corrosion of. 132 
silicon nitride blades for, 19 
Turkeys, delayed sexual maturity 
with furazolidone, 479 
response to antibiotics, 534 
Turnips, salt lor, U»tJ 
Turpentine, vegetable, treatment of 
t attle bloat, 303 

Tvre cord, yarn, p dvamide fibres for, 
303 

Tvrothrit in, 532 


II 

Udders, coll development, 469 
rintus, component acids, 290 
Ultracentrif ligation, of milk, 499 
Ultrasonics, heat less drying, 330 
in liquid liquid separation. 372 
in papermaking, 330 
radiatiun in brewing. 522 
selectivity of minerals, 72 
stirring of cellulose nitration, 191 
with layered explosives, 204 
Ultra Turrax. paperniaking equip- 
ment. 337 
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Ultra-violet absorbers, structure and 
spectra of, 157 

2-Undecanone, in hop oil, 522 
Uperisation, of milk, 499 
Uranium, from pyritic shale, 77 
ion-exchange recovery, 77, 90 
new uses for, 4 
recovery of, 77 
separation of, 78 

Uranium hexafluoride, production, 77 
oxide, Canadian, U.S. purchase of, 4 
tetrafluoride, catalytic precipita- 
tion process, 77 

Uranium alloys, constitutional dia- 
grams, 112 
corrosion, 119, 128 
resistance to hot water, 119 
with aluminium, corrosion, 127 
with zirconium-niobium, corrosion, 
126 

Uranium liquors, recovery of thorium 
from, 6 

Uranium metal, production of, 77 
Uranium ores, leaching and reagents, 

processing of concentrates, 90 
1 959 production, and prospects, 4 
Uranyl nitrate, purification of solu- 
tions, 90 

Vrazoles, structure and pharma- 
cology, 234 

Urea, absorption of formaldehyde, 
415 

biuret from, 389 

foliar sprays, nitrogen deficiencies, 
463 

effect of leaf age, 463 
-formaldehyde resin, photographic 
uses, 180 

manufacture of, 17, 389 
products, for paper filler, 386 
Urethane, oils, 428 

polvether polymers, spot testing, 

317 

Urethane links, in polymers, 3Ga 
Urethritis, streptomycin treatment, 
210 

iTocanoylcholine (See Murexine), 222 
U-rylon, production in Japan, 363 


V 

Vaccines, for humans and animals, 
cell sources, 554 
virus, culture media, 552 
production, 554 
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Valerie acid, related to cellulose 
digestion, 301 

l- and d- V aline, antibacterial tri- 
peptide, 210 

Vanadium, acid corrosion, 125 
alloy strengthened, 103 
electrolytic refining, S3 
pure, preparation, S-l 
traces, in rocks, S 

Vanadium oxides, as catalvsts, 135, 
143 

pentoxide, catalyst tor toluene 
nitration, 1-14 

Vanadous chloride, conversion to 
metal elect roly tically, S3 
Variscite, graphs phosphate activity 
in solution, 445 

Varnishes, cellulose ester and ether. 
423 

driers for, 424 
flocculation in paints, 421 
of epoxy resins, 41»>, 420 
polyurethane-terephthalate, 4 1 >* 
preparation and properties, 427 
V egetables, consumer pre-packaging 
503 

cooling and maintenance at low 
temperatures. 5i»5 
gas -storage in films. 3o3 
storage conditions 5o,3 
Velocity, e fleet on corrosion. 1 51 
Veratramine. .V-alkyl derivatives. 25c. 
Vespnn !>5v Tririuproma^m* , 23« 
Vet'-rinarv medicine, 47ii 
Viadril, intravenous anaesthetic, 233 
Vinyl acetal**, copolymers, with < r<»- 
tonic a*. id. photographic u-rs. 

1 "0 

with ethylene, photographic uses. 
IfSU 

aJcohol, copolymer with vinyl 
chloride, photography, Imp 
( blonde copolymers with vinyl 
alcohol, photographic uses, I mi 
cyanide, copolymers for moulding, 
410 

with methyl methacrylate, 4 Iff 
c yanide. formation of acrylates, 390 
polymerisation in polvbutadiene, 
405 

production methods, 13*. 1 33 
three component polymers, 105 
ether polymers, from drying oils, 
124. 42*i 

polymers, grafting on fibres. 304 
polymerisation, 403 
Vinyl films, as road coverings, 50 
Yinvlidenr chloride, copolymerisatmn 
with i laconic acid, I MO 


p-Vinylphenylboronic acid, polymeri- 
sation, 397 

2-Yinylpyridine-methacrylic acid , 
photographic copolymer, 182 
JV-Yinvlpyrrolidone, improver for 
nylon dyeing, 304 

V inyl salicylate polymers, incorpora- 
tion in lacquer, 429 

Vinvlsulphoiies, formation of reactive 
dyes, 104 

reagent for sulphydryl groups, 354 
Vinyltoluene, reaction with cyclo- 
peiitadieiie, 115 
with drying oils, 425 
Violet Crvstal. bathochromic shift, 
173 

Violet, Lauth's, synthesis by y- 
radiat ion, 175 

V irus, cell strains for culture, 554 
of water and sewage, 540, 54 H 

V irus disea x s, new work with inter- 
feron. 21 1 

Virus i nfi- 4 1 it *n . diagnosis and irll 
c ul lures, 554 

Virus vaccines, culture requirements. 

Vitamins A and I>, in cod liver oil. 3( if. 
Vitamin 1* group, displacement in 
air* lass died flours, 4S7 
Vitamin H Jr flour additive, INI 

V itamin I4 IB . importance for animals 

and mil re-organisms, 401 
purification, 20 1 
test for i obalt-detii lent y, 474 
Vitamin K. deficiencies, anti liver 
necrosis, 17 1 

aiul muscular dystrophy m 
animals, 3U5 

dietary, for i-wes, dystrophy in 
lamias, 471 

"i flour, reduction by chlorine 
thoxide, 4*5 

sparing a>tion "f selenium, bread, 
4 m5 

Vitamins, Azotohatter nutrition, ;>#» 1 
fat soluble, in calf nutrition, 304 


W 

\V.5m3 (Srr 2MethyI-2-t-l>utylpro 
pane l ,3-diol dicarbamate), 235 
Warble, damage to hides, 321 
’ VYasamon', seismic explosives, 2U0 
Waste, from tanneries, analysis and 
self purification, 325 
leather, recovery of chromium 
from, .320 
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\V dsto— continued 

neutralisation of sulphuric acid 
with lime, 32 

Water, absorption by concrete aggre- 
gates, 4b 
by leathers, 327 

boiler feed, treatment with hydra- 
zine, 18 

corrosion of steel, 126 
density, on bentonite, 07 
determination in gypsum, 43 
domestic, corrosion, 120 
drinking, dispersing oils in, 365 
effects of antibiotics in, 334 
erosion, 129 
flow, in fibre l>eds, 31b 
flow number of cellulose, 351 
high-temperature, corrosion of 
alloys, lib 

incorporation in glass, 0U 
in silica glass, Ob 

microbial invaders in alcoholu 
atmosphere, 547 

nat ural , determination of st rontiuin 
in, HI 

odour and taste, microbial origins, 

f.n; 

porous expansion of ceramics, 67 
removal, in paper machines, 338, 
3. 4> 

resistivity of gvpsum to, 44, 45 
retention in pulps. 351 
saline, conditioning for sulphur 
processing, 24 
vii. actinomyvetes in, 53d 
and lakes, bacteria of. 55<i 
bactericidal activity. 542 
< orrosion of metals, 126 
determination of trace elements. 
7. W 

for mixing concrete, 37 
hydrogen chloride front, 27 
magnesite from, 33 
salt from, 2d 
utilisation of. 2d 
solubility in hydrocarbons, I3;» 
stream, luicteriophage of, 54b 
survival and antagonism of organ- 
isms, [>42, 54b 
thermal, corrosion, 120 
Water analogues, dynamic gas 
flow, patterns, 57 > 

Water pollution. 542 
detection of strepbxocri. Mb 
faecal, l.attobactilus indicator, u4;» 
membrane filtration counts by 
fluorescence microscopy, 550 
Waterproofing, of ammonium nitrate. 
200 
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Waterproofing — continued 
of leathers, 325, 330 
Water supplies, coliform tests, 545 
microbiology of, 541 
presence of nematodes, 541 
Water tests, for coliform, 549 
Water treatments, cooling towers, 
579 

disinfecting agents, 541 
manganese removal, 127 
virus removal, 541 

Water vapour, corrosion of iron, 
121 

sorption isotherms on gypsum, 42 
\\ axes, additives for hydrophobic 
cements, 36 

analysis of components, 292 
determination, 298 
estimation of acid with fluorescent 
indicators, 284 
new organic additives, 158 
petroleum hydrocarbon, de-icing of 
naval aircraft, 431 
review of chemistry, 297 
silk-worm, components, 297 
sugar-cane, structure of, 292 
wool, components, 296 
Weathering, of road surfaces, 49 
Weighing equipment, fertiliser in- 
dustry symposium, 456 
Weight gains, molybdenum, 474 
Whale oil, for cattle bloat, 305 
m animal diet, 303 
Wheat, grain development, r61e of 
grain coat, 489 

grain quality', seasonal effects, 484 
irradiation and damage to enzyme 
system, 486 

plant extracts, chromatography of, 
48b 

plants, rhizosphere bacteria, 559, 
560, 566 

varieties, assessment of functional 
properties, 484 

improved properties and yields, 
484 

Wheat bran, concentrates, 299 
Wheat germ, non-specific acid phos- 
phatase from, 489 

Whey cultures, stationary, fat for- 
mation, 298 

Wild life, hazards, from agricultural 
chemicals, 585 

Windscreens, acry^ c sheet for, 381 
Wires, ceramic insulation for, 68 
Wire doth, filtration methods, 573 
Wire shake, in papermaking, 350 
Wood, beech-, stoved, inhibition ot 
Mycobacterium tuberculosis, 219 
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Wood — <onti h tied 
characteristics, relattxl to sulphite 
liquor, 349 
corrosion by, 127 
density and pulp properties, 3 IS 
fibre data, 333 

ground, fibre orientation, 343 
hard-, tibre bonding data, 333 
moisture and lacquer spraying. 431 
phenolic constituents. 33b 
preservation with boric acid, 20 
Wood fibres, morphological pro- 
perties, 348 

Wood flour, tilling for M R moulding 
powder, 3?>7 

Wool, action of copper amines, 381 
affinity of I -amino-4 -bromoanthra- 
quinone-2-sulphonic acid blue 
dyes for, flip 
analysis, 354 
dye adsorption, 361 
dyeing properties, 381 
dyestuffs for, 162. 169, 172 
effect of carbonisation. 33*i 
of heat on solubility, 361 
fibre shrinkage, 357 
hydrolysis by papain, 361 
International Textile Research In- 
stitute, 353 
merino, felting, 361 
mothproofing with dieldrin, 355 
photochemical behaviour, 361 
protein amino-acid composition, 

raw, chromatography of constitu- 
ents, 357 

scouring of, 337, 361 
Si-Ro-Set treatment of fabru s. 36 1 1 
study of yellowing, 336 
sulphur balance, 351 
tryptophan content, 36»i 
W ><>1 fabrics, effect of brightening 
compounds, 156 
•cashable, 361 

Wool fibres, damage to, and test, 361 
Wind grease, review of chemistry. -Jos 
Wool top, determination of fatty 
matter, 361 

Wmd wax. components, 296 
Wrapping-. tSet Paokagingst 
Wustite, diffusion in. 6,5 


X 

Xanthine oxidase, liver and intestinal, 
molylxlenum cofactor. 474 
Xanthohumol, structure, 321 
Xenotine, electrostatic separation, 73 


Xonotlite, in silicate bonding 
materials, 47 

Xylan, structure in pine pulp, 349 
Xylene, sulphonation of, 143 
o-Xvlene, oxidation to phthalic an- 
hydride. 133 

U.S. production capacity, 137 
p- Xylene, Russian preparation, 372 
terephthalic acid from, 138, 142 
Xylenes, oxidation to phthalic acids, 
373 

production of, 137 

/>-Xyleiiebis(ammonium) salts, para- 
lvsis of dogs, 224 

m- Xylvlenediamine, formation of 
polvamides from, 365 

Y 

Yarn, carpet and tyre cord. 6.6-nylon 
for. 363 

Yeast, absorption of adenine and 
uracil via nucleotides, 523 
brewers, concentration in con- 
tinuous processes, :322. 329. 330 
dried, ext ret ion of enzymes. 323 
selenium content preventing 
liver necrosis, 47U 
loss of fermentative capacity in 
stationary cultures, 323 
respiratory-deficient, 323 

mutation and its induction. 
323 

storage, in freeze-dry condition, 

eiizvmn a< ti cities, indin lion and 
repression, 523 

growth pattern, of peptidvl 
nucleotides, 323, 530, 531 
of ril*>- and deoxvrilx>-nuc!ei' 
m ids, 323. 330, 331 
peptide nucleotide complexes, 325 
pit* lung. ba« terial contamination 
323. 329 

protein synthesis in, 323 
Ytterbium, pure, preparation of, *3 
Yttrium, additions to metals, |M3. Ii>3 
metal, production, 91 
pur- . preparation of, *3 


Z 

/.ant hate, adsorption by galena, 72 
/,IH\ protection of vulranwates, 312 
Zinc, and copper relationships, para- 
keratosis, 471 
coating on niobium, 122 
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Zinc — continued 

corrosion, by acids, 125 1 

in ammonium chloride, 120 
in detergents, 120 
in sodium chloride, 120 
crystalline form, 94 
determination of, in hydrochloric 
acid soil extracts, 118 
in soils, 448 
diffusion in brass, fit 
dust, pigments, 421 
effect of hydrostatic pressure on 
100 

electrolysis, impurities, 9lj 
electrolytic, preparation of, 81 
recovery of, 70 

elect rowinning, control of im- 
purities, 00 

inhibition mechanisms, 120 
passivity, 124 
polycrystalline, 04 
production, So 
pure, preparation, *4 
recovery of, SO, Hi 

Zinc carbonate, bask , removal of 
hvdrogen sulphide from gases, 
boo 

chloride, treatment of ravon, .440 
compounds, in leather finishes, 
42 f > 

complex, stability, 72 
diet hy Idi thiorarba mate, ageing im- 
prover for rubber, 414 
formation of. 41 1 

di met hvldit hi< tear hamate [ Z I >C | , 
protei turn of rubber, 412 
ions, replacement bv copper, 72 
monoxyt hnnnate, pigments. 424 
nitrate, in i ellulose nitration, 194 
oxide, etfeet oil rubber stabilitv, 
40S 

estimation in vulcanised rubber, 

417 

mixed catalyst, for photographic 
polymers, 1 >h 

prmliK t ion from sulphide ores, 
21 

Miit<Tiilg rate ,i i 1 1 
vapour pro* -ess, 35 
phosphide, 41 
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Z i nc — con tin ued 

sulphide, concentrates, treatment, 

/O 

ores, with lead, stability 72 
oxidation of, 89 
roasting, 75 

Zinc concentrate, roasting with 
oxygen, 89 

Zinc-copper couple, diffusion be- 
haviour, 65 

Zinc industry, developments, 90 
Zinc ores, fluidised bed roasting, 75 
Zircaloy materials, resistance to 
^ cracking, 119 

Zircon, electrostatic separation, 73 
formation of silicides, 63 
Zirconates, alkaline earth, 34 
Zirconia, detection in glass, 56 
reduction by tungsten, 104 
refractories, contamination of glass, 
56 

Zirconium, additions to molybdenum 

106 

alloy strengthened, 103, 104 
and alloys, acid corrosion, 125 
cathodic processes, 124 
effect on alloy, grain boundaries, 97 
-hafnium, spectrographic deter- 
mination, 10 
in uranium alloys, 119 
oxidation, irradiation effects, 127 
production by sodium reduction, 91 
ram reactor, 91 

reduction of rare earth oxides, 85 
separation from hafnium, 91 
spectrographic determination in 
oxides, 10 

tanning of leathers, 320, 324, 330 
Zirconium alloys, cladding for nuclear 
fuels, 119 

corrosion, 119, 120, 127 
hydrogen uptake, 127 
with niobium, corrosion, 127 
Zirconium salts, as tanning com- 
pounds, 359 
tetrachloride, 35 

Zoalene, in mash against Eimeria in- 
fection, 479 

new cocci diostat, bird trials, 220 
Zone refining. ( See under Refining). 









